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SUMMARY

Surveys of potato crops showed that virus diseases are widely

distributed in the three princ'ipal potato-producing areas of South

Australia.0f t,he thirty eight k'inds of potato diseaqes recorded, potato

leaf-rol I vi rus (PLRV) and early bl ight cause d by lLlfetna'z-ia ¿olani are

the most prevalent. South Australia's hot dry summers appear to inhibit

the development of some funga'l and bacterial diseases and prevent the

establ i shment of di seases caused by ?hglophihonct )nle-,st-ant, and

P ¿zudo no rw¿ ¿ olanacz-atzum.

The use of mineral oils and insecticides t,o control the spread of

PLRV in seed-potato crops was studied. The best results with spray

compounds and granu'lar systemic-insectic'ides were obtained with

Dimethoate and Ald'icarb, respect'ive1y. In a field trial with the potato

cult'ivar Exton, secondary leaf-roll infection caused significant yield

reduction. Yield loss was correlated with the percentage of infectecl

plants and distance of p'lanting. The data also confirnl the opÍnion that

healthy plants adjo'ined by diseased ones compensate, in part, for the

yi el d I oss of t,he i nfected pl ants.

Experimentaì evidence Índicated that A,Ltp¡nr¿n-ia ¿olanl requires

light for conidiophore production and a dark period at low temperature

for subsequent formation of conidia. The fungus formed more conidia on

potato-dextrose-agar than on any of the other agar medìa used. 0f the

seventeen fungicides assayed in the laboratory, Captafoì and Mancozeb

effective'ly inhibited conidial germìnation and myceì'ia1 growth,



The influence of temperature, moìsture, organ'ic matter, and non-

host crops on the pers'istence of P¿eurlomono¿ ¿olot¿ace.a'zun i n

articifically 'infested soil was investigated. Hìgh soil mojsture, lower

temperature, and presence of presumed non-host crops were related with

long term survival of the bacterium in soil. The high temperature strain

of the bacterium, bìotype-III (race-1), survived longer than the potato

strain, bìotype-II (race-3). Experimenta'l results suggest that bacterial

wilt in potato plants is not controlled by avirulent bacterjocin-

producing strains of ?¿eu-donona¿ ¿olanoce.ruzutn, and that init'ial w'i'ltìng

is not accelerated by t'lel.oid.ogAne jouan)ca.
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CHAPTER 1

GENERAL INTRODUCTION

The potat,o, So!.onun Lú-e-zo¿um L., is characterist'icaììy a crop of

the cool, temperate regions, or of elevations of about 5,000 ft. or more

in the tropics. It is one of the best sources of nourishment, and an

important food crop bes'ides wheat, rjce, and corn. Potato is one of the

major food crops in Australia, and the leading vegetabìe crop, in terms

c¡f area and production, in South Australia (Tab1e 1). Between 1980-1984,

the average potato prôduction in South Australia was about 97,000 tons

valued at over 21 mjllion dollars (Crop and Fruit Statistìcs,

Australia),

l]q!ike most cultivated plants, potatoes are prone to numerous kinds tri

of p'lant pathogens, and are intolerdnt to adverse envjronment, nutrìent

imbalance, and other disease-causìng entities. About 137 kinds of potato

diseases can be found in the literature so far (Horvath, 1961; Hodgson

et al., 1976; Miska and Neìson, 1975; Marschel, 1975; Obrien, 1916;

Hooker, 1 981 ).

Some potato diseases are considered economicalìy important in South

Austral i a. For i nstance, l,Ji I I i ams ( 1984) 'i ndi cated t,hat the preval ence

of potato leafroll virus (PLRV) has been the major probìem right from

the beginning of the first seed-production scheme (1950) to the present.

Despite its sìgnificance in potato production, potato diseases are

litt'le studied in South Australia. A literature review reveals that the

study of Francki and Mclean (1966) and the recent work of Francki (1979)
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Tabìe I Leading vegetabìes grown for human consumptìon, Sout,h

Austrai i a.

Vegetabl e
Area

( Hectares )
Pr oduction

(Tonnes )
Val ue
Miìlion)($

Potatoes

0ni ons

Carrots

Tomatoes

3, 748.6

3, 456. 0

388.6

381 .0

97,479.3

33, 623.0

10,624.0

12,197.3

21.68

8.73

4.51

8.9

Notes: Area, production and value are Avèrage for 1980 - 1983

- Data obtained from the Australian Bureau of Statistics,
Canberra.
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u/ere the only publ'ished research on potato diseases in South Australia,

apart, from the identification work of Warcup and Talbot (1980).

This project was, therefore, conducted to determine the occurrence

of potato d'iseases ìn South Australia, to identìfy the causes of such

diseases, and to find out those that are of major economic'importance so

that they could be studied in depth and contributjons made to the

present knowledge about potato diseases. The approach adopted was

'initia'ìly to survey potato crops because surveys provide important data

on incidence and prevalence of diseases necessary for dìrection and

planning of a research'programme.

Diseases such as PLRV and earìy blight were studied further as they

are considered economicaììy important in Soûth Australia. Moreover, the

survival of P¿zurlomona¿,5olanaceanum in soil was Ínvestigated to

substantiate the concept that the bacterium cannot survive for ìong

perìods ìn South Australian soil, and to contribute to knowledge on the

ecology of the bacterium.

The di seases menti oned so far, i ncl udi ng rootknot nematodes

(lle-(.o,irloggn-e. Ápp.) r are al so wi despread and destructi ve i n many

developìng countries in the trop'ics (Thurston, 1980). Hence, this

project was also designed so that the procedures could be used in othen

p'laces such as the Phi'lippines, t,he authors home country, where potato

production and many diseases associated with the crop are becoming

increasi ngly important.
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CHAPTER 2

POTATO PATHOGENS i{HD DISEASES DETECTED Iru SOUTH AUSTRALIA

I. Int,roduction

The incidence, distributìon, and economìc ìmportance of potato

di seases i n South Austral i a are I ittl e understood except for powdery

scab Spoago^pona /5u-0.t-ez/z(utz¿ as descri bed by hli cks ( 1980). The reponts

of Philp et al. (1976) are limited to short descriptions of symptoms and

treatments of some potato di seases and pests and the records of ldarcup

and Talbot (1980) are confined to a list of plant d'iseases, incìuding

those of potatoes, reporteC from South Australia.

South Australia has a dry mediterranean type of clirnate w'ith mild

winters and warm summers, and the preva'i'ling weather conditions during

the main cropping season (November-March) are generalìy warnr and clry

(Flgure i). It is only durìng the spring, autumn, and early part, of the

winter season that potato crops are exposed to short periods of cool wet

weather. Si nce weather has such a profound i nfl uence on di sease

development, it was considered l'ikely that most of the known potato

diseases, particuìar]y those caused by fungi and bacter.ia, would not be

found in the cornmercial potato-producing areas of the state, and that

aphid-borne virus diseases, such as potato leafroll virus and potato

virus Y, would be widespread in the area because of the mild winters

which favour the prevalence of aphids early in the cropping season.

Since no information was available to support such assumptions, the

principal potato-producing areas of South Australia were surveyed for
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Figure I : Climatologi cal data, South Australia :

A = mean monthly rainfall based on aII years of

records

B = mean monthly temperature

C - mean relative humidity based on composite

records of Grennwich and Stevenson screen

observation

C = mean days of rainfall
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diseases fon a period of three years. The study was also conducted to

confirm and supp'lement the reports previously mentìoned, and indìcate

where further investigat'ion might be useful.

II, Materials and Methods

The sel ect'ive and general purpose medi a used for i sol at'ing and

grow'ing pathogenic fung'i and bacteria are I isted in Appendìx 1. The

p'lant spec'ies used for pathogenecity tests, and for virus ìndexing,

inc'luding antisera are listed in Appendix 2-3. For d'isease

identìfication, the following publjcatjons were used as references; CMI,

AAB Descriptions of Plant Viruses, CMI Descriptions of Plant Pathogenic

Fungì and Bact,eria, CIH Descriptions of Plant Parasitic Nematodes, and a

Compendìum of Potato Diseases (Hooker, 1981).

A. Disease survey

The incidence, severity, distribution, and economic importance of

diseases affecting seed and commercial ware crops in South Australia

were determined during the grow'ing seasons of 1981-1984. The study was

conducted with the cooperat'ion of the South Australian Potato Industry

Committee, and the South Australian Department of Agriculture.

A stratified samp'l ing method (Church, 1972) was fol lowed in

pìanning the survey. The samp'ling area was established by divÍding the

potato growing area into three districts as shown in Figure 2. Based on

the total number of farmers involved in potato growing, the required

number of samplìng units (farms) per djstrict was calculated. There were
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Figure 2: Principal potato producing distr icts of

Adelaide P'ìains (I), Adela'ide Hills (II),

South Australia (III).

South Austral i a;

and Southeast of
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fifteen, n'ine, and eight sampling units'in dìstricts I, II and III,
respect'ive1y.

During each cropping season, potato crops were inspected, aph'Íd

popu'lations monitored, and d'iseased specimens col lected. The seed and

ware crops in district-III were 'inspected at Ieast, twice per year and

samp'les of leaves or tubers were coilected from seed crops for virus

i ndex'ing. Washì ng and packì ng centres 'in each area were al so i nspected

for the occurrence of post-harvest d'iseases. The cold store in Balhanna

(dtstrict-II) was visited to 'inspect seed-potatoes before they were

taken out for" plant'ing'.

Disease incidence was estìmated by determìn'ing the proportion of

infected plants or tubers. The follow'ing data were also gathered: kind

and variety of potatoes planted, kind of pesticides and frequency of

spraying, method and frequency of irrigation and the purpose of the crop

whether it was for seed, processing, or for the the fresh market.

B. Diagnosis

Prelim'inary identification of potato diseases was done during the

survey and it was based mainly on symptoms and sìgns of infection.

Sampìes of infected p'lants, ìeaves, ot tubers, and soil samples were

collected for 'laboratory study.

Virus diseases

Suspected v'irus diseases were transmitt,ed to a range of ind'icator

pìants and grown in the glasshouse at 15-21oC until symptoms appeared.

Inoculated plants that remained symptom'less after 4 weeks were tested
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for possi bl e I atent i nfecti on by Í nocul at'i ng other host p'ìants or

potatoes. The methods used for virus transmission v/ere: mechan'ical and

graft transm'issions, insect transmissìon with aph'ids, 'leafhoppers, 
and

mirids. The duration of vjrus acquisition and inoculation feeding by

aph'ids were 3 mìnutes to two days, and one to three days, respectìvely.

For the other two kinds of insects, acquìsition and inoculation feeding

times were five days,

Leaf-dip preparat'ions of crude sap, extracted from infected 'leaves,

were used for observing virus particles, The sap was prepared by

maceratìng a 2mn2 piece of infected leaf tissue 'in two drops of 0.57"

glutaraldehyde. Copper grìds (400 mesh), previously coated wìth formvar,

were ionized and dipped in the sap just enough to smear the surface.

After b'lotting the excess sap on the grid, the preparation was

negatively stained with tungstophosphoric acid for about 10 seconds and

then observed for the presence of virus part'icles in a JEM 100 x

tlectron l'1Ìcroscope.

Serology by means of either the Gel-diffusion or Enzyme-Lìnked-

Immunosorbent-Assay (ELISA) was also used to identify viruses. The

procedure of Clark and Adams (197i), and the methods 'indjcated in the

Potascreen-TM assay kits were followed in doìng the ELISA test. To

detect potato spindle-tuber viroid by means of eìectrophoresis, the

procedure of Schumann et al. (1978) was adopted.

Fungal Di seases

The pathogens causing potato diseases were established

postulates. Infected plant material was examined for the

usi ng Koch's

presence of
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funga'ì fruct'ifications and the primary causal agent isolated and tested

for pathogenicity.

Infected pants of the pìant were washed free of adhering dÍrt and

then 3 mm2 pieces of tissue were cut along the advancìng margin of the

lesion. The pÌeces of tissue were immersed 'in a sol ution of sod'ium-

hypochlorite for 2-3 ntnutes to sterilize the surface, rinsed three

times in sterile water, blotted dry, and pìated on agar medium. infected

stems or tubers in whjch the pathogen had penetrated deep into the

vascular tissues, were surface sterilized with absolute ethanol. The

surface of the p'lant materia'l was flamed before it was asepticaì'ly cut

into two parts. From the inner lesion, bits of tissue were cut out and

plated on agar medium, or aseptica]ìy sliced potato tuber disk. Fungaì

fruct'ificat'ions such as ¿c!-e-zoÍ.Lct werë sometimes used to obtain pure

cu I tu res.

Spore suspensions of fungaf isolates from leaves or stems were used

to inoculate potat,o plants. The plants were kept under moist conditions

for 2-3 days before they were transferred to the glasshouse at a

temperature of 25oC. For isolates obtained from pìant parts below or

just above the soil surface, sprouted potato tubers or the soil \^/ere

inoculated vrith suspensions of funga'l fructifications just before

p'l anti ng. I n some cases, detached pot,ato I eaves or whol e tubers were

i nocul atecl i nstead of potato pl ant,s.

Bacterial Diseases

Specimens on which no fungal fruit bodies could be observed were

examined for gross signs of bacterial infection such as bacterial ooze.

After the presence of bacterial ooze had been confirmed, the specimens
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were washed free of adhering soil, blot.ted dry, and bits of tjssue were

cut out and suspended in 10 ml of sterile distilled water. Aft,er 30-60

minutes, 'loopfuls of the resulting suspension were streaked on a

suitable agar medium. The inoculated agar plates were incubated at

temperatures of 25-30oC and observed da'i ly for the appearance of

bacterial colon'ies. Pure cultures were obtained from single colonies of

bacterja and tested for pathogenìcit), to complete the requirenrents of

Koch's postulates.

Bacterìal inoculum was prepared by suspendìng fresh growth from 48

hour agar cultures in distilled water at concentrations between lO7-lOB

cells per m'|. Asepticaìly slìced potato-tuber disks were inoculated by

pìacing a drop of inoculum on the cut surface which was pnicked with a

flamed needle and placed in a stenile Petrì dish. Inoculated materials

were normaì'ly incubated at temperatures of 27-30oC. For jsolates

obtained from potato leaves, either tobacco leaves were infiltrated with

inoculum using a 2S-gauge syringe, or potato pìants were sprayed with

inocu'lum, and kept in a mo'ist chamber at a temperature of about 30oC for

three days. For isolates obtained from potato stems, a drop of inoculum

was placed in the leaf axil and pricked 'into the stem with a flamed

needle. Inoculated p'lants were maintained in a gìasshouse at 25-30oC.

C. Extraction and identification of Nematodes

Nematodes such as the root knot nemolode flpAoi.dnggn-e zp,, found ìn

tubers or roots, were extracted directly from the infected tissue. A

modified Baermann funnel method was used to extract nematodes found in

soils. Soil samples wene collected in the field and after mixing, about

50 g were sprinkled over a'layer oftKleenex tissuet papen supported by
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wire mesh. The wire mesh was pìaced in a Petri dish and then filled with

water until the soil was wet. The follow'ing day, the nematodes were

collected using a sieve. The morphological characteristics of the
./" I

juven'i1e stage were used as criteria ;,rl identifying the nematodes. .,,! t.

III. Results and Discussion

Thirty eight kìnds of potato dìsease were found during the survey,

and among those that were identified, the following d_'iseases have not

previously been reported in South Australia: potato virus S, tomato b'ig

bud (aster yellows), pink rot PhgLophihono c-zgpLogeat 'leaf spot caused

by Phona ,sp., Alte-nna'z,La al.Le,rznol¡t, oF Stznphg!-¿um LoÍt-io'sum, stem rot

Sc-lp-noL¿un zolþi), tuber leak caused by either PgÍJLùrn ull)nm or ?,

i'znzgulcnz, I eaf gray moul d BoÍ-zgLb ci-ne)Lzo, and bacter'Í al wi I t'

P¿erclomona¿ ¿olctnace-z um.

The diseases caused by Phomn, A, a-t-t-ento-t-a, B, c)tlen-eat and

S. !,otzio¿um are not included in the lìst of potato diseases recorded in

Austral i a by Morschel ( 1975). Potato I eak caused by PgÍ-lLùun innzgu-Latz.

'is considered as a new disease of potatoes since it has not been

reported in the literature.

The incidence of potato diseases in the three pr"'incipaì potato-

produc ì ng areas of South Austral 'ia i s presented 'i n Tabl e 2. Some

diseases found during the survey are'illustrated'in Appendix 9 (Plates 1

to B).
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Table 2 : Potato diseases recorded in South Australia in 1981-84

Di sease 7. of plants wìth symptorns
Range Mean

Alfalfa mosaic virus
Potato leafroll virus
Potato vi rus S

Potato vi rus X

Potato virus Y

Tomato big bud (Aster yellows)
Tomato spotted wi I t vi rus
AlLetuton-La ¿o!-ctni
A-ll-etnatùa a-(Let¿nalo
Bot'zgü) cinuL¿a
Co !-!.e.lo tn -Lchun co cco d-e¿
Fusarium dry rot
llølnintho.s po nùtn ¿ o !an)
Phono foueaLct
Phoma ,sp, ( I eaf spot )
P hg Lo philto na cttg pLo ge.a
Pgfltiun ulLnut¿
P g ilLirn itz.,zz-g u-Lone-
R/ü-z.o cLor¿ia ¿ ol.oni

- black scurf
- stem rot

Sc-!.¿not)am zo!.þi)
S cLet¿of)nia ¿ cLp-zo f)o num
S po ng o,s p o ncL /s uli-ezlza,rlea
S tenphg Um l.o Íttio ¿un
S Ítzzpto ng ce),5 ca.Li-e/5
Ve¡t)ci-Lhun doh-Ua.e.
Ù¿uinia af'zoeept)ca
ùuinLa catzoLouozo
P ¿e.urlo no na¿ ¿ o !¡¿naceatzu¡n
(le-Lo i.d.o g gnz /np!.a

0-1
1 -45
0-7
0-1 0
0-1
0-5
0-27
1 0-80
0-1 1

0-3
not
not
not
not

0-65
0-2
0-1
0-1

determi ned
determi ned
determi ned
determi ned

not determ'i ned
2-12
0-8
0-i 1

0-1 9
0. 1-1 7
0-1 3
0-80
0-0.1

not determi ned
nil

0-1 6

nil
19
2
4.5
nil
2.5
3.0
31 .0
2.5
nil

7
nil
2
3
3.5
5
2
nil

10
nil
n'il
nil

7.8 (South east
di stri ct)
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A. Diseases caused by Viruses, Mycoplasma and Viroids

Among the virus diseases, potato leaf-roì1 viruì ÌpfnV) was the

most prevalent, and widespread jn the potato growing dìstricts. Symptoms

of.eitlrer primary or secondary infections were frequentìy observed from

seed or h/are crops and incidence of over 102 was common. The incidence

of PLRV was more variable within a district than between two districts

perhaps due to the different classes of seeds gìanted. Although an
l:

incidence of more than 1Z was seldom recorded from crops grorvn frcm

certified seeds (Certified in Victoria, Australia), leafroll incidence

as high as 45% was found, particularly from crops planted with other

classes of seeds derìved either from a previous crop or produced in the

Southeast of South Australia.

Foundation seeds produced in Victoria, Australia, are grown and

multiplìed in the Southeast of South Australia for the production of
rmother' seed which are used in grow'ing crops to be cert'ified as seed.

Alt,hough 
. 
this scheme was still in operation during the survey, most

farmers preferred to plant certified seed from Victoria (CSV) because of

it,s higher qua'l'ity, e. g, lower disease incidence. A common practice

among farmers was to gnow a first crop of CSV and then to use a certain

portion of the harvested tubers to grow a second or subsequent crop. In

the Adelaide plains (district-I), t,he spring, autumn, and winter crops

are planted in September, March, and April, respective]y. The main and

seed crops, which are chiefìy grown in the Southeast of the State and in

the Adelaide Hills, are planted in November.

Aph'ids were found to be more abundant in the beginning and towards

the end of the cropping seasons particu'larly from 0ctober to December
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(Figure 3). Several aphid species were also ident'ified, the most

abundant being Aulaconthum ¿o(nn-L, Rhopalozipluun padi, l\gzu's pe.'z'sicae-

and [lctctto,siphm euplnn!-iaz. (Table 3). Thus, it seems ] i kely that the

presence of such aph'ids and thei r abundance in potato crops,

particularly durìng the early part of the cropp'ing season, accounted for

the h'igh incidence of PLRV in both ware and seed crops. It is not known

whether í1, pad) and some of the other aph'ids identified can transmit

PLRV.

íì., padL, a wel I known vector of barl ey ye'l I ow dwarf vi rus, can

transm'i t potat,o vi rus Y ( PVY) but not as eff i ci entl y as n, petz'ticaz.

(Kennedy et al., 1962). Despìte the abundance of these two aphid

spec'ies, the incidence of PVY was very ìow. In most ware crops, where

the number of PlRv-infected plants was more than a quarter of the

hea'lthy ones, no PVY or fewer than 1.02 was recorded. It appears t,hat

PVY spreads less extensiveìy than PLRV'in South Australia. Moreover, the

ìow incidence of PVY could have been due to a limited source of inoculum

or because the virus was not effìciently transmjtted by the aphids.

Many strains of PVY are known and aph'ids, especi a1ly [\, patzzicaz., can

spread PVYn in the field more rapidly than pyyo (Beemster and Rozendaal,

1972). Potato vjrus Y strains belongìng to the type virus C (PVYC)

differs from the other two strains in not, being transmitted by

n. pensicaz. (De'lgado-Sanchez and Grogan, 1966). Thus, the PVY found in

this survey probably belongs to the PVYc group and could be the main

reason why it is not prevalent.

The effect of PLRV on PVY transmission by aph'ids is little
understood whereas the inhibiting effects of potato virus M (PVM), and

potato virus S (PVS) on the efficiency of infectíon by potato viruses X,
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Figure 3 Mean weekly counts of aphids; l',tgzttz petzzicaz., [\ac-zo,siphun

ettphottl-Laz. and Au-LaconfJ¿um áolatL¿t in districts I (--0--) and

II (--&-).
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Table 3 Species of aphids caught in a Moericke water trap.

Aphid specìes Relative abundance (%)

Acgafho'siphon pe!.ango n-ü

AuLctconlhun ¿o!.ani

Apil-s c-n-il)co!.a

Ap/uiz czctcciuoza

Apluit go,s,sgpü

B zacltg caurlus hz-Ucln U,5 i

Bne. uieo ngne lltaccicae

Copifo pho,zuz e-(.qzagn-L

Cctuanie-Ua algopod))

Hg pe-nong z-ut lncltteaz-

l\auzo.siphun e.upho n Liaz.

(1, n-i¿cantl¿L

Fl, Lo's(tz

(lgzu.s petz,sica,e-

Rlto phn t o,tiphtun pad.L

T oxo pi-etzct rui¿ conlhl

I)paph)-t øzgáinL¿

4.0

32.5

nil

2.3

nil

nil

7.5

2.3

2.4

nil

2.2

nil

nil

20.9

23.5

nil

nil
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and Y have been established by Pietrak (1980). He found that PVS

decreased infectìon of PVX and PVY by 147" and 207", respectively, whereas

PVM decreased infection of both PVX, and PVY by 257"" As PVS was detected

in ware and seed crops, âlthough not extensive'ly, its presence may have

also contributed to the low incidence of PVY.

The potato seeds fro¡n the Southeast of South Australia were not

extensìvely indexed for PVS durìng the study and its incidence might

have been higher than that reported here. In a survey of potato viruses

X, S, and Y in Queensland, PVS was consìdered the most prevalent and

infections.of 0-1002 have been detected from crops and seeds produced'in

New South l¡la]es, Tasmania, and Victoria (t1o'lmes and Teakle, 1980).

Potato diseases caused by tomato spotted wilt virus (TSWV), and

mycop'lasma (purple top wiìt) were found but not as extensively as PLRV.

Plants infected by TSWV were often seen during the main cropping seasons

(November-March) particularly ìn the Adelaide Hjlls where an incidence

of 277 was recorded in 1982. The disease was rarely seen in the Adelaide

p'lains probab'ly because its vector is not abundant in the area during

the cropping seasons (0ctober-December, March-June). The known insect

vector of the virus is a spec'ies of thrips (Thysanoptera) whose

abundance is favoured by u/arm, dry weather (NorrÍs, 1951) rather than

wet conditions. For purpìe top wilt, an incidence of 197" was recorded

only once from a crop'in the Adelaide p'lains. The seeds which were used

to grow the crop, were obtained in the Adelaide Hills where leafhoppers,

the vector of the virus, were found to be abundant.

Potato

frequentì y

p'l ants i nfected by al fal fa mosaic vi rus (AMV) were

seen especially fg6n crops near lucerne pastures, but on'ly
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few p'lants were affected. Although the virus is transmitted by (1,

pe.tzzicaz., n, e.uphon0-iae. and eleven other species of aphids (Kennedy

et al., 1962), it does not, spread as extensively as other aphid-borne

and stylet-borne viruses. Thus, the disease is not considered to be

ec,onomicalìy important due to its limited occurrence.

Figures 4a and 4b show a disease that was tentat'ively ident'ifìed as

tomato bÍg bud (aster yeìlows). Although the d'isease was present in most

areas, there was only one crop on the Adelaide plains that was almrst

completely affected by the d'isease. Infected plants were st,unted and

aerìal tubers formed at, the leaf axil. The disease was not associated

wjth infection by í?t7)-z.ocÌ-oruia, as the underground stem appeared healthy.

Tubers and stem cuttings taken from infected and healthy looking plants

in the same area, when grown in the gìasshouse, produced similar

symptoms. Furthermore, hea'l thy potato pl ants were stunted after

Çnzont)orleÁ óp,, a sucking insect abundant in the cropr was allowed to

feed .on it. The insect, known localìy as Rutherglen bug, is a common

pes'b potatoes in South Australia, and abundant during hot summer

days. Although no reports are'available to show that such an insect ìs a

vector of potato v'iruses, and no virus particles were detected from leaf

dip preparat'ions of infected l'eaves, there is a possibility that an

infectious pathogen and the insect are associated with the d'isease.

In the Adelaide H'ills, potato tubers showing symptoms of infection

by potato spìnd'le-tuber viroid (PSTV) were encountered. Infected tubers

have pointed ends, are elongated and some have growth cracks (Figure 5).

Aìthough this disease appears to have been introduced into South

Australia (Cartwright, 1984), rìo viroid was detected ìn any of the

tuber samples, using tomato bio-assay and electrophoresis.
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Figure 4a A potato crop in the Adelaide Plains (District I) showing

severley stunted p'lants suspected to be caused by a Mycoplasma

Figure 4b A plant from the same field showing aerìal tubers, enlarged

stem bud, and stunted growth
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Figure 5 Potato tuber (rieht) suspected to be infected by potato

spindìe tuber v'iroid (PSTV).
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Virus diseases caused by cucumber mosaic virus (CMV), potato

aucuba mosaic virus (PAMV), potat,o vein bondìng virus, potato vÍruses M,

and A were not detected during the survey aìthough t,hey have been

recorded ìn Australia by Morschel (1975).

B. Diseases caused by Fungi

Several diseases affecting the aboveground parts of the potato

plant were found but only ear'ly blìght caused by A-Uz'znozLo ¿olani was

prevalent. In the Adelaide p'lains, severe outbreaks of early blight

frequently occurred durìng the autumn and the early part of the winter

seasons. 0n the other hand, the occurrence of the disease in the main

potato growi ng d'istricts rvas dependent upon the prevai I ì ng weather

conditìons. Thus, potato crops which wene not harvested before the onset

of rainy days were often severely affected. The occurrence and severity

of the disease from one field to another v/as variable and is attributed

to the d'ifferent potato varieties planted and the kinds of pest'icides

app'l ì ed. For i nstance, the cul ti var 'Red Ponti ac' appeared t,o be more

susceptible than Kennebek, or Exton, and the fungìcide ChlorothalonÍl

was cons'idered very effective agaìnst the fungus.

Leaf blight caused by Pløna,sp, was seen only in the Sout,heast of

South Australia. The symptoms of the disease are sim'ilar to those of

ear'ly bf ight except for the presence of pycnidia on the lesion. Severe

infection rvhich caused defoliation particularly of the cultivar 'Red

Pontiacrwas observed towards the end of the cropping season when heavy

rainfall occurred. A sinrilar disease was reported by Turkenst,een (1981)

and he identified the causal fungus as Phona an-d)na.
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Potato diseases caused by ScLetzoÍ)nlct ¿c-!.p-zoLi,u'zun (white mould),

Sc.!-enoLùtn no!þi), Bottzgt^Lá cinztza, and SLenphg-U^un I'of¿.Lo¿um u/ere

found in most of the potato crops but genera'ìly these diseases were not

prevalent. However, h'igh incidence of white mould was sometimes recorded

in. the Adelaide Pla'ins particularly Ín fields where crops l'ike lett,uce

and cabbage were pìanted in rotation with potatoes. Usually, pìants nean

irrigation sprinklers were killed before diBBinB, and tubers were often

rotten.

The following pathogens were found affecting main'ìy the underground

parts of potato plants= RhizocLoruio ¿o!¡tn) (black scurf and stem rot),

H-e-tùnlJ¿o,spo'ú.un ¿olnn)- (sìlver scurf ), Spongo'spo4o '5u&lpruzaneo (powdery

scab) , PhgLoph-thoza utgploge,a (pìnk rot), Pgthiun uEt¡un and

P, ut'zz.gu-{n,¿p. (tuber leak), and Ve/LL¿cill¿un dahliap. (wilt). Blemished

tubers due to the combined infection of Æ. ¿o!-an) and H. ¿olan) were

very common and winter crops that were not harvested but kept in the

ground until the fol'lowing sprìng were often severeìy affected. The

pathogen. also caused stem rot and tuber deformation especial'ly of the

cultivarrRed Pontiac'but both of these diseases were not as preva'lent

as black scurf. A'lthough black and silver scurf do not djrectly affect,

the y'ield of potatoes, the high demand for washed and premium grade

potatoes in the market has elevated the significance of these djseases.

The occurrence of powdery scab was sporadic and only two cases with

an incidence of 27" and l9Z were recorded during the survey. In both

infestations, the seeds used came from Victoria (Australia) and the

fields that were planted were previously used for pasture. Powdery scab

is becoming increasingly import,ant in South Australia due to its adverse

effect on tuber quality and value. It seems that the pathogen ban
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survive for a long time jn some parts of the State. Folinstance, the

disease recurred in a fjeld which had been fallov¡ed and used for pasture

over four years.

. Pink rot and tuber-leak were occasionally found in processing

centres and water-logged areas of the field. fy?:" rot caused by PgÍlL¿un
. ',,r",.!

ittna-gu-!ø¿e. (Plate 2e, Appendix 10) was detected from rotting tubers in

the Adelaide Hills, and was found in a field which was frequent'ly

ìrrigated. The field was previously used for pasture. This pathogen':'¡as

not been neported in the literature as a pathogen of potatoes although

it is high'ly pathogen'ic to cereals. The fungr¡s was identified by the

Commonwealth Mycological Institute and 'its reference number is IMI

285723. Al though t.he f ungus i s known to be wjdespread i n South

Australian soils, it is not certain whether the disease is more

preva'lent than 2, u-!ilntun.

Potato wi I t due to Ve¡.t-ici-!-ü-tun daÄ-Ua¿. was often seen and

incidences of 14, 18, and 802 have been recorded on three separate

occasions from ware-crops in the Adelaide Hills (district-II). The

fields which had 14, and 1BZ wilt were planted with local seed, while

the field with B0Z wilt was p'lanted rvith seed which was not certÍfied in

Victorja. Soil samples were taken from the three sites t,o determine if
the pathogen was endemic in the area. In addition to the fungus, very
'large numbers of parasi ti c nematodes, most'ly l{-eLøtodpnc¿ ^p. and ',)

PnaLg!.enclttt: ,sp., were found in the soil sampìes whìch suggest that the '

severity of the wilt was influenced by the nematodes.

The significance of nematodes in increasing the severity of

due to Vetzl)ú-{Lttn dah^üae. in numerous crops has been recognized.

wilt

For
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example, Krikun and On'ion (.l979) found a posÍtive correlat,ion between

Pnaf-g!-enchu's lhonnei and severity of Vetú)ci-t-!-uan wilt in potatoes, and

even relat'iveìy resistant cultìvars sustained losses of about 30-402 in

the presence of nematodes.

ël
Bobtgl)-'s üne.ùz] Fu¿a'z-iun ,:ulplutæum and P/¿ona foue.a-t-a (gangrene)

were the most common pathogens isolated from diseased tubers in cold

stores. Tubers that susta'ined mechanìcal injury during harvesting and

grading were often affect,ed by such pathogens. Several of the coel-

stored potato seeds were also affected by gangrene which suggest that

the occurrence of the disease in storage is a consequence of planting

diseased tubers. Gangrene was first reported by Feddersen (1978) 'in a

number of certifjed seeds orìgìnat'ing from Victoria and also from

potatoes grown using such seeds. It is becoming increasingly important

in most commercial potato-growÌng areas of South Australia.

C. Diseases caused by Bacteria

The four most common bacterial disease of potatoes ; black lug,

common scab, soft rot, and brown rot or bacterial wilt, were found

durfng the survey. However, the'ir incidence, except common scab, was

general ìy 1ow.

Black leg caused by €nuinict alno¿el¿.1¿c¿ was the most widespread

among the bacterial d'isease, but its incidence never exceeded 0.17.. The

disease was found to occur at any stage of plant development, causing

severe decay of stems. The occurrence of black leg in South Australia

was attributed to the use of jnfected tubers for planting, and frequent

irrigation during hot days. Thus, infected plants were often seen during
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the summer months (main cropping season) rvhereas they were practìcally

absent durÍng the autumn and winter seasons.

The occurrence of common scab (SÍt-e.¡>Lotngc-e) Áca.ûie.z) was sporadìc.

Th." pitted type of scab was often found in the Adelaide Hills whereas

the russet or raised scab was more or less common throughout the

djstricts. The occurrence of scab was found to be related t,o soil type,

e,g. sandy soils, and irregular irrigat'ion. Common scab is considered an

important djsease of potatoes in the Adela'ide Plains district, where

market gardens, which suppìy washed potatoes, are prinlarily located.

Soft rot due lo ù¿uinia ca'zoÍ-ouo.lLa was often found only i¡ water-
'logged areas of the field, in stored potatoes, and in packing centres,

It is not a serious d'isease of potatoes in'South Australìa perhaps due

to the dry cl imate.

Brown rot or bacterial wilt caused by ?,:e.ud.omona) Áalanaee.a-,tum, not

previous'ly been recorded in South Australia, was first, detected in 1982

from tubers intended fon virus indexing. The bactenium was 'isolated and

ident'ified as,2. Áolanace.azutn, bìotype-II, based on the classification

of Hayward (1964) on Race 3, the potato strain (Budenhagen et al.,
1962). It is pat,hogenic only to potatoes and tomatoes. The bacterium was

not, detected in t,he infected area or in other commercial fields in South

Australja in the year fol'ìowing its first detection which strongly

suggests that the bacterium cannot survive for ìong periods in South

Australian soÍl even if introduced. 0n separate occasions (1984), the

disease was detected for the second time frorn a crop grown from two

kinds of seeds obtained from two different sources. The absence of

bacterial wilt in one of the crops in the same area suggest,s that the
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useoccurrence of the disease in South Australia is associated with the
.Jr.,,.1 , i.

of infected -'seeds. Thus, it is believed that bacterial wilt

,TSolctnace.anun) 
js not endemic in South Austnalia unlike Queensland,

South ['Jales and Victoria.

(P.

New

D. Disease caused by nematodes

Root knot nemalode (l\e-!.oirloggnz zp. ) was found in two locations ;

Penong (di stri ct-I I ), and the South-east of South Austral i a. lle,!.oi-doggne

hapla is prevalent in t,he South-east where an incìdence of about 162 was

recorded. Plate 7f (Appendix 10) shows an infected tuber that was also

collected from the South-east. It was ffrst suspected as potato rot

caused by DiLglpnchu¿ de¿hucfon but t,he nematode found in the lesion

did not conform to the descriptions of D, d^e-sÍ,,zucLoz (Thorne, 1945). The

disease was quite prevaìent and it had been observed ìn the area even

before thi s survey.

E, Miscellaneous Diseases

Physioìogical djseases, little examfned in South Australia, were

not included in the survey, However, some of those that were considered

important, but not identified, are illustrated in Plate 8.

IV. Conclusions

The presence of most di seases previ ously recorded i n South

Australia by hlarcup and Talbot (1980) were confìrmed in this survey and

some new diseases identified. Potato leafroll and early blight (A.

,soktnL) were omnipresent and believed to be the two most destructive



28

diseases occurring in commercial ware and seed crops 'in the state.

Foundation and mother seed-crops are frequently reinfected with potato

leafroll vjrus and that is rvhy potato growers prefer to pìant Victorian

seeds rather than those pnoduced 1oca1ìy. The abundance of a number of

AphÍd species and ot,her insects ìn potato crops probably accounted for

the prevalence of potato leafroll virus. There were indications that

v'irus diseases other than those identified during the survey, occur in

South Australìa, thus, it would be worthwhile to investìgate further the

etio'logy of virus diseases of potatoes in South Australia. Moreover,

studies on resistance to potato viruses should be emphasized, although

introductjon of potat,oes into Australia is strictìy controlled.

The relative'ly low incidence of fungal and bacterial d'iseases,

except early Lrlight and black scurf, jndicates the profound influence of

weather on the ep'idemiology of these d'iseases. The fact that late blight

(PhgLophlhozct inþ-,:Lan's), the most destructive disease of potatoes in

other part,s of the world, has not been found, and the absence of

?¿zudonona¿ ¿olttnac-e.atzum from the field, where it was first detect,ed,

dur.ing subsequent years indicate stnongìy the inabiIity of most funga'l

and some bacterial diseases to survive unden South Australia's hot dry

summers. Moneover, about 502 of the fungal and bacterial diseases of

potatoes recorded from the other states were present in South Australia

but only 107. of these were prevalent. Disease-forecasting systems, like

those for late blight (2. .inþ'sLans), are based on a detailed knowledge

of a critical period durirrg which the weather is conducive to

sporulation, dispersal, and subsequent infection. Epidemioìogìca]

research in South Australia should prove useful in formulat'ing

forecasting systems for those diseases of economic importance.
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Species of nemat,odes other than rootknot have been detected in

potat,o fields. As nematodes have been shown to'influence the severity of

di seases caused by soi l-borne pathogens, e. g. Ve-züci-LLuun and

P¿eudononn¿ ¿olanacp.a)ztltnj and transmit some virus diseases, their role

in. decreasing yield of vegetables is worth studyìng further.

The economic importance of potato diseases in South Australia is

greatìy influenced by market demands. For example, diseases that

directly affect yie'ld and storage quality of potatoes are conside:-ed

major problems in areas that produce processìng potatoes" 0n the other

hand, diseases produc'ing blemishes reduce t,he market value of potatoes

for the market, gardener.

Having surveyed the potato diseases of South Australia, it was

decided to study in greater detail potato leaf roll vjrus and ear'ly

b'light, because they are widespread, not only in South Australia but also

in the tropics (CMI l/lap 89), and destruct'ive wherever potatoes are grown

(CMI OO? No. 36). Furthermore, studies on the eco'logy of P.

So!.anctcz.a'zum, w'ith emphasis on the effects of soil factors, have been

conducted to provide some basis for developing an effect,ive control

procedure.
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CHAPTER 3

STUDIES ON POTATO LEAFROLL VIRUS

I. Intnoduction

Quanjer and his group (1916) were the first to demonstrate the

'infectivÍty of potato leafnoll, and proposed that the d'isease is due to

a virus (Murphy, 1922 ; [lJhitehead, 1945). The propert'ies of the virus

remained long obscure until Peters succeeded ìn revealing ìts shape and

dimension by electron-mìcroscopy some years ago (Van der Want, 1972). As

described by Peters (tSZO¡, potato leafroll virus (PLRV) has isometric

particles of abóut 24 nn in diameter, affects a narrow range of hosts,

is not sap transmissible but is transm'itted by either graftÍng or

aphÍds. 0f the ten aphid species that can transmit the virus in a

persistent (circuìative) manner, llgzu,s petz,sicao (Sulz.) appears to be

t,he most efficient, (Kennedy, Day and Eastop, 1962). Although several

strains of PLRV have been detected, d1ffening in symptom severity on

Solanun Ì.u-Le-zo¿um and Phg':a-üz /,(.otúrlana, âll such strains induce a

similar type of symptom (Beemster and Rozendaal, 1912).

In potatoes, primary symptoms develop and tubers are infected

follorving aphid-transmission of the virus. The symptoms appear ma'inly on

the p]ant's shoots which stand upright, roll, and turn sìightly paìe-

green. In some cultivars, the young leaves turn pink or purp'le starting

at the margins. Primary symptoms may be lacking when plants are'infected

late in the growing perìod. Secondary symptoms become evident when an

Ínfected tuber produces a p'lant. The pìant as a whole appears stunted

and rigid with pa]e-green, stiff, leathery, and rolled leaves. In
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certain cultivars, the disease causes internal necnos'is of the phìoem

known as ttnet necros i stt.

Chemical Controì of PLRV

Soon after it, was demonstrated that aphids are the prìncìpal, if
not the only agent by whÍch the virus spreads in potato crops, different

k'inds of chemicals have been tested in an attempt to control the vecton

and prevent the spread of the disease.

F'ield, trials with nicotine, DDT, and Demeton sprays have been

conducted in the Netherlands since 1938 (Schepers, 1972). lllith the

advent of granular formulations of system'ic-insecticides, Burt et al.

(1960) found that the appììcation of such formulations prom'ises to be a

useful way of controì'ling the disease. Neventheless, the use of

granu'lated systemic-insecticjdes 'in the epìdemeo'logy of PLRV has, in

some cases, produced conflict'ing results. For instance, in Austria

(Wenz'le, 1964), France (Robert, 1976), and Japan (Tamada et al., 1971)

the spread of PLRV from infected plants'in the same crop was minimized

by appìjcatÍon of granular systemic-insecticides, whereas in New Zealand

(Ti I I , 1971), and the U. S. A. (Powe1 I and Mondor, 1 973 ; Bacon et al. ,

1976), Similar treatment d'id not always prevent the spread of PLRV

although the aphid population was controlled.

tJ'ith the use c¡f oils to controi transmission and spread of

persistent viruses, conflicting results were a'lso reported. Hein (1970)

demonstrated that oils do not inhibit transmjssion of PLRV by ïlgzu,s

pensicaz,, whereas Simons and Zitter (1980) obtained evidence that oil
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can interfere with transmission of tomato yeìlows virus (TYV), a virus

similar to PLRV.

Yield losses due to PLRV

Among the virus djseases of potatoes, leafroll has aìways been

considered t,he most important because 'it causes hìgh yìe1d-ìoss" The

effect of leafroll on yield of potatoes has been well documented by

Murphy (1922), Loughnane (1941), Kirkpatrick and B'lodgett (1943), B:.ld

et al. (1946), l^latson and Wilson (1956), Broadbent et al. (1962), Murphy

et al. (1966), Reestman (1970), and Marco, 1984). Losses from secondary

infection lvere shown to vary from 107" to over 902 depend'ing on the

potato variety, virus stra'in, severity of symptoms, cultural, and

envìronmental conditions. Yield loss per unit area was also shown to be

indirectìy proport'ionaì to the percentage of infected pìants due to

compensat'ion. Furthermore, the amount of compensation was dependent upon

pìant density, soil fertility, and water supply. Based on partiaì

compensatì on by heal thy pl ants, Ki rkpatri ck and B'l odgett ( 1 943),

Reestman (1970), and Harper et al. (1975) formulated equations to

estimate yield loss from crops with a certain percentage of infect,ed

p'lants. Such equations have not been tested, so far, on experiments

involv'ing potato crops with different percentages of infected plants at

different distances of planting.

As potato leafroll has received little attention in Australja where

it appears to be a serious disease, a number of experiments were

conducted. The first part of this chapter describes experiments aimed at

cont,ro'l1ing the spread of PLRV in seed-crops by appf ication of mineral

o'ils and insectic'ides, and the last part deals w'ith yield loss
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assessments due to leafroll. The effect of a severe straìn of PLRV,

isolatecl in South Australia, on the yieìd of a susceptible potato

cultivar, interact'ions between percentage infection and distance of

pì anti ng are emphasì zed, Moreover, the accuracy of mathemati cal

equat'ions to est'imate y'ield loss was tested using the yìeìd data

obtajned in this study.

II. Experiments and Results

A. Detection and selection of a PLRV strain

Fifty e'ight potato ìeaf samples were collected from potato crops in

the Northern Adelaide plaÍns. Each leaf was rvashed, blotted dry, placed

in Petri dishes with moist fiìter paper, and ìnfested with five apterous

aphi ds (l\gzLLó pensiccte.). After a vi rus acquì si t j on-feedi ng period of two

days, the aphids were transferred to ind'ividual 1y caged DaLuu

¿ftnnoruiun plants" The aphids were then k'illed b.y spraying the plants

w'ith Pyrethrum insecticide after four days of inoculation-feedìng. From

each of the 'infected plants, the v'irus was re-transmitted, first to D,

¿fnamon-ium and then, after 39 days, lo Phg,sa-U.s /-!.oùrlana seedlings. The

seedlings were maintaineC in a gìasshouse al 20-24oC and 21 days later,

five pìants with severe symptoms of PLRV were selected and serologically
"í irÉì -ìt',!'

tested for PLRV and potato virus Y (PVY) bV means ofi. ELISAì. Virus
'' !- i-

transmission \,/as also performed on Cap,te-t-lrt Luttza-pa,sLoz¿¿ (Sheperds

purse) pì ants to detect the presence of Beet lrlestern Yel I ow Vi rus

( Bt^lYV ) .

The result of the transmission experiments indicated that the ìeaf

sampìes from the field were infected with either mild or severe strains
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of PLRV (Figure 6). Based on serologjca1 tests, the selected plants were

infected by PLRV on]y, although PVY was detected in some of the leaf

sanp'les. Furthermore, the jnoculated sheperds purse plants did not show

symptoms of BltlYV as described by Duffus (1970), thus, further tests was

not carried out.

From

i nf ect'i on,

¿t-zctmon)un

one of the Physa'lis plants, with severe symptoms of PLRV-

the vi rus was transmi tted to and ma'i ntai ned on Da.tunct

and served as inoculum in subsequent experiments

B. Response of potato cultivars to PLRV infection

Tolerance to PLRV infection was evaluated on t,he fo'lìor,ring potato

cultivars ; Col'il¡an, Ext,on, Kennebek, Sebago, SequoÍa, and l-asman. Seed-

tubers were propagated from pathogen-free tubers obtained from the

tissue-culture laboratory ìn Victoria, Australia. Previously cold-stored

seeds \{ere sprouted in a giasshouse and then cut'into sections such that

each cut-piece had one sprout.

Adult aphids (/1. pe'z.sicae), previous'ly reared on chinese cabbage

pl ants (Bna,t,sica pekinzn tj-,s), were al I owed to I arvi pos i t on heal thy and

leafrol l-i nfecte d D, ¿Ízamonium pl ants and then removed the fol 'l owi ng

day so that the nymphs did not vary in age by more than 24 hours. Two

weeks later, groups of eight aphids were transferred from the colony to

each potato sprout and after five days of inoculation-feeding, the

sprouts were sprayed with metasystox + malathion. Each tuber was planted

in pot's (10 inch diarneter) containing 7 kg of Recycìed Soil (R.c. soil,

Appendix 4), and grown in a g'lasshouse at 20-24oC. As severity of

symptom and yield are related (Harper et aj., i975), only the wejght of
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Figure 6 Phg,5at)) '/-(.on-id.ana pl ants showi ng mi I d (Top) and severe

(Bottom) symptoms of PLRV-jnfection. Seedl ings which had

deve'loped cotyledons were infested with three viruliferous /?'

petz.sicaz-.
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tubers, harvested from each p'lant after 90 days from planting,

recorded. Tolerance of the potato cultivars to leafroll ìnfection

based on the percentage reduction of yìe1d,

36

was

was

Al I the i nocul at,ed pì ants showed rol ì i ng of the I ower I eaves, a

typical symptom of secondary PLRV infection. The severity of stunt,ing

and 'leaf-ro1 ì i ng d'if fened consi derabìy among cul ti vars, be'ing most

pronounced on Exton (Figure 7), Purple discoloration of rolled leaves

was very distinct on Exton and Tasman, and s'light or absent on the other

cultivars. Decreased pnoductìv'ity of infected plants was more ev'ident in

Exton, coliban, Tasman, and Sebago, than on Sequoia, Kennebek, and

Katahden (Table 4).

Exton was used in subsequent expeni'ments because it produces a very

dist'inct symptom of PLRV infection and is wideìy grown in South

Austral i a.

C. Bio'logical tests of Minerat oils

1. Ph¡Éotoxic effects of oiì-sprays

0ils have been used to control virus djseases in potatoes (Peters,

1977) and burning of leaves after oil spraying has been observed (Bradìy

et al., 1966 ; Quemener, 1976; Schepers et al., 1977). To avoid such

undesirable side effects of oi'l application, five samples of mineral

oils were tested on Phg,5aU,5 .Ponidano and potato p'lants.

The oils were supp'lied by Golden Fleece Petroleum Ltd., and Mobil

0il Australia Ltd. The characteristics of these oils are presented in

Append'ix 5.

\
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Figure 7 Reaction to a severe strain of potato'leafroll virus (PLRV) in

Sequoia, Katahd'in, Kennebec, Sebago, Coliban, Tasman, and

Exton. Plants are 60-days old, and were grown in a gìasshouse

at 20-24oC. Plants on the left, and on the right hand sÍde are

infected, and healthy, respectìve'ly.

t







Table 4

3B

Yield of potat,o cultivars infected with a severe strain

of PLRV.

Cul ti var
Yield per plant (e)1

Hea'lthy i nfected

Reducti on 'i n
yield (Z)

Kata hd f n

Ken nebec

Seq uoi a

Sebago

Tasman

Col i ban

Exton

374.8

389. I

354. 1

310.0

297.8

381 .3

325.6

H.S.D. (P = 0.05)

262.5

265.1

195.4

144.4

134.4

163.0

121.3

29.9

31.7

44.8

50.8

53.2

s6.5

62.9

16.58

1 Mean yield of twelve p'lants

H.S.D. - Tukey's w-procedure (honestly sign'ificant d'ifference),

coefficient of variation (C.V,) = 12.37,
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Spray emulsions of summer spray o'i1 (ssO) and Lov'is spray oi'l (LSO)

were prepared by suspending them ín water. As all the Mobil Oil samples

were without emuls'ifiers, Agral-60 (ICI Australia Ltd.) was added to the

water at 0.lZ concentration before spray emulsions were prepared, Test

plants wene thorough'ly sprayed w'ith 0.752 ernulsions using a jet-pack

povrer unit (Nat'iona'ì Paint Product Ltd. ). Test pìants sprayed with

water, and 0.17" water suspension of Agral-60 served as control. The

treated plants were kept ìn a glasshouse at 20-25oC.

The result, of the tests showed that the Mobil Ojl sprays are

phytotoxic on potatoe's and P, /-!.oùrlana plants. The leaves of the oì j

treated plants were scorched after 2-3 days from spray'ing. 0n the other

hand, all pìants sprayed with either SS0 or LSO were not burned, thus,

both oils were evaluated further.

2. Effect of oil spray on potato yieìd

To determine the range of oil-concentration for field tests, a

trial was conducted in a g'ìasshouse at temperatures of 25-27oC during

the day, and 17-20oC at night. Potato (Exton) stem-cuttings were treated

with 'ceradex' (IcI) and rooted jn vermiculite. Each p'lant was then

transpìanted in 10 fnch pots containing 10 kg of R.C. soil, A week after

planting, and every week thereafter, the plants were sprayed with SSO

and LSO at 1.0, 1.5, and 2.02 concentrat.ion. The experimental desìgn was

a randomized complete block v¡it,h 4 treatments and five repìications. The

yieìd per plant was recorded at ninety days after pìanting.

Based on the average yield from each treatment, both oils caused a

reduction of tuber yield despite the absence of phytotoxic symptoms in
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the form of I eaf burn'i ng (Tabì e 5). Pl ants sprayed wi th 2.07"

concentration of ejther SS0 or LSO yie'lded significantly less than the

control. Ins'ignificant reduction of yield was recorded from plants

treated wj th o'i I up to I . 52 concentrati on.

D. Effect of oil spnay on aphÍd-transmission of PLRV

Colonies of virul iferous aphids (ngzlt's pe-n'sicaz.) were reared 'in the

same nìanner as. i ndi cated i n Experiment-B. Seeds of Phg,5o-!-U pon-id.ana

were germìnated on moist filter paper in petri djshes, and germ'inated

seeds were transpìanted ìn pots containing R.C. soil. The resu'ìting

seedìings were selected for un'iformit,y of fully expanded coty'ledons.

Plants sprayed with 1.07" oil emulsjon, and those with v¡ater were

infested with three vìruliferous aphids'one day after spraying, and then

caged separate'ìy. The aphids wene removed from the plants after three

days of inoculation-feedìng, discard'ing all plants on wh'ich the aphìds

died. The number of pìants that became infected after 21 days was

recorded.

Based on three trials, the oil sprays sl'ight'ly inhib'itecl

t'ransm'ission of PLRV by aph'ids (Table 6), LSO being less effectjve than

SS0. Treatments were statistically'insignìficant (P>0.05).

E Comparative
PLRV

effects of oil and insecticfde sprays on the spread of

The experiment was conducted during November-February to ensure an

abundance of aph'ids while the plants were gnowing. The field was

rotavated twice and then furrows made at a depth and dist,ance of 24 and

75 cm, respective'ìy. Just before pìant'ing, ammonium sulfate (212N),
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Yield of Exton potatoes sprayed with mineral oil in

g1 asshouse condit'i on.

0il
Concentrat'ion (Z)

Yield per p'lant (g)1

s. s.0. L. S.0.

0 190.4

185.6

185.0

9.

1

200.4

196.2

192.2

188.9

9.1

2.5

1.0

1.5

2.0 179.1

H.S.D. (P = 0.05)

c. v. (7")

1

7

1 Mean yield of fifty plant,s

S.S.0. - Summer spray o'i'l

1.S.0. - Lovis spray oiì
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Table 6 Transmi ss i on of PLRV by (lgzu.5 petz,sicnz to Phg,salir5

/Aoni.d.ana seedlings w'it,h or without oi1-spray.

Tri al
Number of

Pl ants/Treatment
Number of Infected Plants (7.)

Control s. s.0. L.S.O

II

III

80

80

100

I 81.6

90.0

95.0

16.6

82.7

85.0

80.0

88.2

87.0
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Superphosphate (B.6ZP), and potassium sulfate (412K) were appìied in the

furrows at the rates of 170, 40, 400 kg per hectare, respectively. The

area was partìtioned into plots, each p'lot consisting of four 3.5-metre

long furrows. Foundat'íon seeds, supplìed by the Potato Research Station

(V,'ictori a, Austral i a), were prepared i n the same manner as i ndi cated i n

Experìrnent-B and then planted at 30 cm d'istance along the furrows. As

sources of inoculum, jnfected tubers were pìanted jn the middle of each

row, and infected p'lants, colorrized by aphi ds (l'lgzu,3 pe-nsicae.), were

placed along the boarder of the experimental field, Sprinkjers were used

to irrigate the field, and a moericke water-trap, pìaced at the centre

of the field, was used to nronitor aphid flights. The equ'ipment used for

spraying was fitted with four nozzles, adjustable to a height of 30-40

cm from the plant canopy, and with a cylìnder of compressed C}Z as

source of spray pressure (7 psi).

Summer spray oi I and I ovi s spray o'i I were appi i ed at 1 .02

concentration, whi le Maldeson (V-10 Malathion; Ag. Chem. Pty. Ltd. ),

Dimethoate (Lane Rogor, Rocke-Mo'og Ltd. ), and Demeton-S-l'lethyl

(Metasystox, Bayer Australia Ltd.), were appìied at 625, 300, and 250 mg

a. i . per I i tre of waten, respecti ve'ly.

Before each weekìy spray'ing, plants from the control plots were

sprayed wìth water to determine the quantity of spray-solution required.

Spraying began when the spr outs started to emerge and ended about 2

weeks before harvest. At 120 days from plant.ing, the tubers of each

pìant were harvested separately, and one tuber per pìant was indexed for

PLRV. Indexing was done by following the method described by Hjddema

(1970). The 'eyes' from the bud end of the tuber were excised with a

melon scoopr placed in a coarse'ly woven bag, and immersed in aqueous
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gibberellic acid (1 
^e/litre) for l0 minutes. The treated tuber-pieces

were then pìanted, at uniform depth of 2.5 cm, in seed boxes containìng

R. C. soi l, and wene grou/n 'in a gì asshouse at 20-24oC. Fi ve weeks I ater,

t,he resul ti ng p'l ants were exami ned for symptoms of PLRV-j nf ecti on, ancl

those w'ith vague s¡rmptorns were checked for PLRV by means of ELISA.

The experirnental des'ign was a randomized complete block with five

treatments and four rep I i cat'ions.

The symptoms of PLRV as observed on p'lants grown in the glasshouse

for v'irus indexing are illustrated'in Figure B. Based on the percent,age

of infected p'lants, the insecticides, except JVlaldison, were

significantìy more effectjve than the oil sprays in controì 1 ìng the

dìsease, the most effect'ive being Dimethoate (Table 1 ). The aphid

population, particularly during the early growth of the plants, was

genera'l1y h'igh (Figure 9).

F. Effect of granular systemic-insecticides on the spread of PLRV

The experiment was conducted during September-Decernber when the

aphid popu'latjon was high. The materials and methods used in the

experiment were sim'i lar to those in Experiment-E, except for the

insecticides. The fo1 ìowing granular systemÍc-insect,icides were

evaluated ; Carbofuran (Furadan l0G, Union Carbide), Disulfot,on (Di-

syston 5-G, Bayer company), Aldicarb (Temik 10-G, union carbide), and

Terbufos (Counter 15-G, Cyanamid Company).
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Figure I Symptoms of PLRV-'¡nfected Exton potatoes grown in the

g'lasshouse for vi rus 'i ndexi ng. Sprouts wene treated w'ith

gibberelìic acid (1^e/litre), and were grown for 4-weeks at

20-240C.
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Percentages of leafroll-infected tubers from untreated

and treated potato p'lants.

Per cent Infection

Treatment Range Mean

Untreated

s. s. o. (17")

L. S.0. (17")

Mal deson

Demeton-S-Methyl

Di methoate

88.8 - 100

76.6 - 87,5

78.6 - 87.2

72.2 - 94.4

70.6 - 72.2

56.6 - 68.9

90.6

80.3

8?.6

88.8

71.3

6s.0

15. 3

19. 3

H.S.Dì P = 0.05

P = 0,01

Coefficient of Variation = 8.52
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Figure 9 Daì ly catches of al ate l\gzu.s pe-,uicaz. (Sul z. ) i n one Moericke

water-trap. (Note days indicatecl, 14 to 56 coincìded with the

first to the 7th sprayine). Aphid catches after day 56, not

included in the graph, followed a sim'ilar trend but with very

low numbers,
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At plantÍng, the granules were appiied in the furrows at 2, 3 and 4

kg active ingredient (4.'i. ) per hectare. The seeds were then planted 'in

the furrows such that the sprouts were not in contact wÍth the

insecticides. Cultural management, simìlar to that in previous

experiments, was folIowed. At 120 days from pìanting, each plarrt was

numbered so that subsequent classification of hea'lthy and infected

p'lants or tubers was poss'ible. From each plant, the tubers were

harvested and one tuber was checked for PLRV adopting the 'indexing

method described in experiment E.

The experimental design v/as a spìÍt-plot with three replications ;

t,he insecticjdes, and insecticide-levels were assigned in the main

plots, and sub-p1ots, respectively.

As a pre-emergence treatment to control the spread of PLRV,

Ald'icarb was signÍficantly more effect'ive than any of the other

insecticides tested (Table 8). In untreated plots, most of the tubers

harvested and indexed for PLRV were infected, whereas Ín p'lots treated

with insect'icides, incìdence of PLRV was much reduced. The incidence of

PLRV decreased as the level of insect'icide application was increased,

except for Terbufos (Table 9). Aphids were abundant throughout the

duration of the experiment (F'igure 11).

G. Assessment of yield losses due to PLRV

1. Comparative yieìd between heatthy and leafroll plants

Random field sampìing was used to estimate potentia'l yield of

hea'lthy and PLRV-infected potato plants grown on a commercial farm. From
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Effect of Granular insecticide treatment on the spread of

PLRV.

Range of Infection (Z)
I nsect'ici de

Untreated Treated

Al di carb

Di sul foton

Carbofuran

Terbufos

90 - 100

92 - 100

96 - 100

90- 94

13-20

25-47

35-60

42-68
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The influence of different levels of Granular systemic -
insect'icide on the "spread of PLRV.

Pl ants 'infected (Z) 1

Insect'icide Kg a.i. per hectare

0 2.0 3 .0 4.0

Al dì carb

Disulfoton

Carbofuran

Terbufos

94.0 18. 9

94. B 37.9

98.4 55.7

9'l .6 58.7

94. B 42.8

16.2

33.9

44.5

63.3

39.5

15.7

29.4

43.5

45.4

33.5Mean

1 Meun value of 48 p'lants

Standard Error (Z) L. S. D.
(P = 0.05)

Two rate means

Two rate means of the same
insecticide

Two insecticide means at
the same rate

2.05

4.11

3.79

5.7

11.5

7.9

C.V. (Rates) = 9.57"
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Figure 1l Weekì y catches of al ate llgzu's pe-nzicae (- sol i d dot -),
l'lactzo'siphum euphonL-iaz (- v -), and Au-Laconfhum ¿o!.ani

(- ¡ -), in one Moericke water-trap. The curve for n,

zupho'2.!-Laz., and A, ¿oloni represent catches from the first

week of October to the fi rst week of December.
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A crop of potatoes (Var. Exton.) which had 207" leafroll ìnc'idence,

pìants with, and without synptoms of leafroll, and having two or three

main stems, were collected at random. The total tuber we'ight and haulm

we'ight of each plant were recorded.

Based on the frequency d'istrjbution of tuber yie'ld per pìant,

leafrolìed plants yielded 66.37" less than non-leafrol'led plants (Figure

12). There was a s'ignificant regnession between yìeld and weÍght of

haulm (Figure i3), a higher degree of linear relationships !{as measured

in leafrolled plants than r'n plants without leafroll.

2.'i Effect of secondary leafroll and pìanting distance on potato yield

ì
)

The response of Exton potatoes to different levels of leafroll (7"

of plants infected) and two distances of p'lanting was investigated to

compìement the field sampf ing data previously recorded. The exper jment,

consisting of ten treatment combinations (5 x 2 factorial) arranged in a

complete block des'ign w'ith three repl ications, was set in mid-Decenrben ,,.\
as the popu'lation of alate-aphids started to decline. ;l'

Potato tubers, previous'ly harvested frorn the crop in Experiment-F

and indexed for PLRV, were treated with Z-chloroethanol (Quik Sprout, AG

cllEM PTY. LTD. ) to break dormancy, and kept 'in diffuse lìght at about

20oC after the treatment. Seeds wjth unìform sprouts were selected, cut

int,o sections so that each seed-piece had two sprouts, and marked as H

(healthy) or D (infected).

Seedlots of 0, 25, 50, 75 and 1002 infected on healthy t,ubers were

set out in field p'lots (80 cm apart, 20 metres ìong) at p'lanting

\

ì.t

\/ (

'!
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FÍgure 12 Distri buti on of t,uber yjel d per pl ant of heal thy (A), and

' infected (B) Exton potatoes. Plants were gathered from a

commercial crop.
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Figure 13 Regression of tuber yie'ld of healthv (A), and PLRV-infected

' (B) plants on weight of tlaulm.
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dist,ances of 20 and 30 cm'in the row. The location of H and D tubers ìn

the plots, except those at 1002 disease or healthy, was recorded so that

subsequent companison of position and y'ield for each plant was possÍble.

. To prevent the spread of leafroll virus from infected to healthy

plants, Aldicarb (2 kg a. i. per ha. ) was app'l'ied at plant'ing, and plants

sprayed wit,h Dimethoate every week starting from 30 days after plant'ing.

Chlorothalonil (Bravo, AG CHEIv1 PTY. LTD. ), applied at 72 g a. i. per

hectare in combination with the insecticide sprays, was used for the

control of early blight (A,¿o!.onL). Other materiajs and methods were

similar to those in Experìment-E.

The potatoes wene harvested by hand after 120 days from p'lantíng

and the tuber weìght of the pìants in the centre of each class was

recorded. The different classes used were:

(1)

(?)

(3)

(4)

(5)

hea'lthy with a heaìthy plant on each side (H-H-H)

healthy with a leafroll plant on one side and heaìthy on the

other ( H-H-D, D-H-11)

healthy w'ith leafrol I p'lants on both sides (D-H-D)

leafroll with healthy plants on both s'ides (H-D-H)

leafroll with a healthy plant on one side and a leafroll on

the other (H-D-D, D-D-H), and

leafroll with leafrolì plants on both sides (D-D-D).(6)

One tuber fronr each of the hea'lthy plants was 'indexed for PLRV to

det,ermi ne the extent, of vi rus spread among hea'lthy pl ants, and to

evaluate the effectiveness of the insect'icides appìied. Total yìe1d per

treatment (20-linear metre plot) was recorded and yie'ld loss measured.
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Yield loss was also estimated by means of the fo'llowìng

mathematical models :

(1) Equation developed by Reestman (1970) ;

yieìd loss

where:

M¡.1

.YH
Y¡

M¡

Z¡ and Zi

Knr

lvlH-(YH+Yl)x100

y'ield for a 1002 healthy crop

Kf,i * Zf,(Kht * 76 + 7)-1 x MH

Zi(Kni x76+7¡)-1 xML

yield of a 1002 diseased crop

the proportion of healthy and infected plants,

respecti veì y.

relative crowdjng coeffìcient (Appendix 6)

(2) Equation developed by Bìodgett (1941) and modified in t,his study;

yield loss (7") = (MH - Y) x' 100

where:

MH = yield of a 1002 hea'lthy crop

Y = Vield at certaÍn pet'centage of disease, estimated

by means of a frequency table (Appendix 7)

A comparative yield between healthy and infected potato p'lants is

illustrated in F'igure 14, and the ranges of tuber-sizes produced by such

pìants are shown in Figure 15. Among the healthy plants, those p'lant,ed

at 30 cm intervals in the row yielded 3.52 more of lar"ge-tubers (over 86

g) than t,hose pìant,ed at 20 cm, whereas diseased p'lants yielded almost

the same sizes of tubers regardless of planting distance (Figure 16).
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Figure l4: Tubers of healthy (left), and PLRV-infected (right)

Exton potatoes. Most ptants developed two main stems.
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Figure 15 Sizes of tubers produced by healthy, and diseased p'lants.

A = over 230 g
B = 86-230 g
C = 35-85 g
D = less than 35 g

Bar = 10 cm.
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Figure l6 Percentage of tuber-sizes from healthy (white bars) and

ìnfected (sha.ded bars) Exton potatoes planted at 20 crn (A) and

30 cm (B) in the row. Tubers came from p'lots wit,h 1007.

hea'lthy, and 1002 i nfected pl ants.
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Y'ield compensation, as measured from the dìfferent classes of

healthy (H) and infected (D) plants, was higher at closer than at w'ider

distance of planting, healthy p'lants situated between two d'iseased ones

(D-H-D) beìng the most productive (Tab'le 10). The total yield per 20 m

plpt dimj ni shed äs t,he percentage of pl ants i nfected by I eafrol I

increased (Figure 17), Between 20 and 30 cm spacings at the same Tevel

of leafroll incidence, the yieìd of pìants with 0, 25 and 502 leafroll

differed significant'ly (P < 0.05), whereas those with 15 and 1002

leafroll were the same (P > 0.05). The same yieìds (P t 0.05) were aìso

recorded between treatment-comb'inations 07, al 30 cm and 257. at 20 cffi,

and between 257" at 30 cm and 502 at 20 cm.

The yieìd losses actually measured, and those estimated by using

equations are presented i n Table i 1. From 25 to 757" leafrol l, the

equation-I developed by Reestman (1970) estimated the actual loss to

within 0.7 -1.77", and i.5 -1.87. forthe20 and 30 cm p'lantìng

distance, respectìvley, v¡hereas that of Bìodgett (,l941) estjmated loss

to wìthin 2.9 - 3.3, and 0.6 - 2.67" f or 20 and 30 cm spacings,

respecti ve 1 y.

III. Discussion and Conclusion

Field grown potatoes are often affected by nrore than one virus and

to separate such viruses, a number of plant specÍes can be used. Horvath

(1967) listed several test plants which he used to separate potato

viruses. For instance, he indicated that PVY can be elìminated and PLRV

separated from PVY by ; aphid (persistent), and Cuscuta transm'ission

using Da,tuna ¿tnanonium, or root transmission using Solanu¡n ÍuL-eno¿un L.

as host. In this study, Dotuza ¿Í-nanoruium appears to be a suitable host
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Table 10 Yield of Exton potatoes from the center of three, in
various sequences of healthy (H) and leafroll-fnfàcted

(D) plants

Mean yield (Grams)

Sequence Distance between piants

20 cn 30 cm

H-H_H

H-H-D

D-H-D

H-D-H

H-D_D

D-D-D

640550

670 772

785

37.8

49.0

70.2

22.5

37.6

751

L. S. D.

P=0.05

P=0.01

34.6

45.1

71.5

58.2

97.1

,/
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F'igure 17 Relation between yieìd of Exton potatoes and percentages of

leafroll-infected pìants at p'lanting distance of 20 cm. (-o-)

and 30 cm (-e-) 'in the row.

A = L.S.D. al 17.
B = L.S,D. at 52
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Tab'le 1l
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Actual, and estimated yìeld losses of Exton potatoes due

to leafroll at 20 and 30 cm planting distance.

Yield Losses
Percentage
of pl ants
i n fected

20 cm 30 cm

A B çi A B g1

25

50

75

100

17.5

37.9

62. B

86. 9

16. B

39.5

63. s

86.9

14.6

34.8

66.1

86.

20.8

38.7

62.2

89.1

19.3

40.5

63.7

89.1

18.2

39.3

63.6

88.9

A-
B-c-

1 e
e

yn
l

yle

I

I
v

d loss actualìy measured
d loss est'imated by equatìon-i
d loss estimated by equation-2
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for obtaining or for propagating PLRV iso'late, and being immune to pvy

infection, the pìant can be used to maintain pure isolates of PLRV. In

gìasshouse tests, leaf rol l-infected D. ¿Ízamonl¿un p'lants were founcl to

be good sources of the virus" Moreover, it was observed that aphids (fl.

pe-naicaz) mult,ipìied more rapidly on such plants than on pot,atoes, or on

PhgóuU) p.on-irlana, hence, D, ¿t-namon)m was used r outinely 'in thjs
project as a sounce of inoculum. Holvever, strains of PLRV are best

dist'ingu'ished on ?, /-!.on)-d.ona pìants. That PLRV could be transmitted

fr om potatoes to Capze-Lla-L¿tz¿a pa,tLonz.z (Sheperds purse), âî indicator

host of Beet West,ern Yellow Virus, has not been confirmed in this study,

suggest'ing'that not all PLRV - isolates can infect this test plant.

The method adopted Ín th'is project to infect potato sprouts with

leafroll virus seems to be efficient, though a number of virul'iferous

aphids (8 pen sprout) and a long acquisition feed'ing period (.l4 days)

are required. Nevertheless, inoculated potato seeds produced plants that

showed typical symptoms of secondary leafrol l-'infection such as

stuntíng,. discoloration and roll'ing of lower-mature leaves. Such

symptoms are important crjteria for evaluating tolerance or resistance

of potato varieties or clones to PLRV jnfect.ion.

That mineral oil sprays have a phytotoxic effect in the form of

leaf burning and reduce the yje'ld of potatoes has been confirmecl. De

Wijs (1980) found that mineral oils with unsulfonated res'idue (USR)

under 90 are, in general, phytotoxic due to the presence of unsaturated

olefines and aromatics. As the mobile oil samp'les were phytotoxic to

pot,atoes, they probably contajn lower USR. 0n the other hand, the

reducti on i n yi e'ld due to summer-spray-oi I and 'lovi s-spray-oi I ,

suggested that oils can interfere with the physiologicaì process of



p'lants though leaf burning may not be evident. The action of

oj ls in the phys'iology of potato plants is l'ittle understood,

studies on this subject should prove useful,

65

mì neia I

hence

That oil does not reduce aphid transmjssion of leafroll in

gìasshouse tests has been confirmed. The possibility that both SS0 and

LSO are not effective against sty'let-borne viruses can be excluded

because such oi I s rvere tested, and found effecti ve, aga.inst pVy

(Appendix B), Hein (1970) examinecl a nunrber of v'irus-vector combinations

for the preventìon of virus transmjssìon by spraying plants with mjneral

oi I s and he found that the transrni ss i on of al I tested vi ruses was

strong'ly reduced except PLRV.

The relat'ion between the physico-chemical properties of mineral

oils and their.inhib'iting propertìes, especìalìy on transmission of non-

persistent viruses are known. Wyman (1971) found that a lov¡ viscosity

oil (6 cSt at 37oC) was more effective than oil with hìgher viscos-ity

( 16, 30, 67 cSt at 37oC) agai nst beet mosai c vi rus, v¡hereas De [¡l'ijs
(1980) showed that the activity of mineral oil against PVY decreases

with decreasing oil v'iscosity. The result presented 'in Appendix 8

supports t,hat of De tl'ijs.

The mechanism or mode of act,'ion by which oil interferes with aphid

transmi ss i on of vi ruses i s not knoln so far. However, several

suggest,ions have been made (Vanderveken, 1l977). For instance, Bradìey

(1963) suggested that oi1 may either remove virus particles from the

styìet or cause virus particles to adhere more firmìy on the stylet.

Simons et al. (1977) treated the labium of aphids with Huber's clay,

whi ch absorbs oi l, and found that the removal of o'i I restored
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tnansmission to the level found with similar untreated control aph'ids.

Inhib'itìon of aphid transmission of plant viruses by oil was observed

with vjruses of varying morpho'logy such as flexuous rods, icosahedra'1,

and pleomorphic baci I I iform partìcles, which suggest that vira'l

structure does not play an obvious role in the inhibition action of oil
(Peters, 1917). 0il does not inactivate viruses as Loebenstein et al.

(1964) showed that the orig'ina1 infectivity of TMV, mixed rvÍth oì'1, was

restored by breaking the emulsion. Moreover, Zschiegner et al. (1914)

concluded that the 'inh'ibition of virus transmission could not be

attr ibuted to the inactjvation or denaturing of the virus. However, oil
has been shc¡wn and confirmed to interfere in t,he infection process. For

instance, the number of local lesions on NicoÍ)nnct g-tut)no,sa., aften

inoculation with intact part'icìes of TMV, was reduced by a minera'l oil
treatment of the leaves (Peters and Lebb'ink, 1975). Similar results were

observed with PVY on CÁetzopodittm qu-inoa using SS0 and LSO.

SÍmons and Zjtter (1980) observed good control of tomato ye1ìows

virus (TYV) in field grown tomatoes by weekly application of oil, and

they stated that both TYV and PLRV are sjmi I ar i n host range,

symptomatology, and virus-vector relationships. In view of such a

report, weekìy appl'ication of o'il-emulsions was compared with that of

insecticides to control leafroll in field grown potatoes. As indicated

previousìy, oil sprays seems to be ineffective against the virus, and

causes yield reduction, in this case up to 352. High temperature (35-

43oC) recorded during the experiment probabìy accounted for such a high

reduction of y'ie'ld.

Although the insect'icides, Dimethoate and Demeton-S-Methy'1, reduced

the spread of leafroll, the highest level of control (652) achieved with
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such 'insecticides was considered unsatisfactory, The high aphid

population before the first spr aying, and throughout, the duration of

the experiment pr^obably accounted for the high incidence of leafroll. As

the potato sprouts did not emerge all at the same t.ime, those that

emerged earfier, before the first, spraying, could have been colonized by

v'iruliferous aphids. Furthennorer there was sufficient time for aphids,

com'ing from the 'infection-source, to feed on the sprouts whi_ch emenged

one day before the first, second, or third spraying. It is also possÍbìe

that the insecticides did not kill vjruliferous aphids quickìy enough to

prevent transmission of leafroll, as shown by Till (1970). Although

Broadbent et al. (1956) showed that, Systox (Demeton-O + Demeton- S)

prevented the spread of leafrolì virus, Marco (1980) found that the

commonly used aphicide, Metasystox (Oxydemeton-methyì ) was less

effective, and that Dimethoate (Rogor) gave good results in the

ìaboratory test., but was less efficient in the field trìajs.

The granular form of systemic-insecticide appears to be effective

against leafroll probably because such formulations, being absorbed and

translocated to the djfferent parts of the potato sprout,s prior to

emergence, rendered the pl ants lethal to aphì ds. 0f the four

insecticides used Aldicarb reduced virus spread to as much as BIT",

whereas in the control pìots, 94-1002 of the pìants were infected with

the virus. Marco (1980) showed that when leafrol I infection in the

control pìot was about 12.67,, singìe treatments of Aldicarb and

Ethiofencarb reduced infect'ivity to 4.1 and 3.27., respectivley, whereas

two treatments with Aldicarb reduced 'infectivity to 1.77". Thus, it is

ì i ke'ly that' the i nsectìcides ; Carbofuran, Disul foton and Terbufos,

(registered in South Australia for horticultural use), can give better

control of leafrol I if disease incidence is low. Populations of
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viruljferous aphids, particularly //, petz,siccte, weather conditìons in

relat'ion to the population dynamics of aphìds, and susceptibi'llt,y of
potato cultjvars seem to be of great 'import,ance ìn adapting control

method s.

Yield losses in pot,atoes due to secondary leafroll-infect,ion seems

to vary depend'ing on the vjrus strain, suscept'ibif ity of the cult'ivar,

and environmental conditions. Most investigators from other countries

have found that the mean tuber-yieid of secondary leafroll-Ínfected
plants is reduced by; Z7Z (\urphy et al., l966), 572 (McMjllan, 196g),

59, 69, and 797" (Rob'ertson, 1976). Furt,hermore, Harper et al. (i975)

showed that net,ted gem po|atoes with mìld, moderate, and severe symptoms

yielded 65, 80 and 927" less than those w'ith no symptoms. The yield loss

measured on Exton potatoes by field sampling (662) and that recorded

from the expe.rimental plots (87-BgZ) are comparable to the data of

Harper et al. Most of the d'iseased plants gathered from the field, as

indicated in Figure 12, showed mÍ'ld symptoms whereas those from the

experimenta'l piots shov¡ed severe synrptoms, because the orÍginal seeds

were infected with severe leafroll.

The higher degree of I inear relationship measuned in leafrol I

infected plants indicates that symptom severity Ís relat.ed to yield.

Yield loss is not directly proportìonal to the percentage of diseased

plant,s because of mutual competition between pìants. As ind'icated in the

yiel d of the di f ferent cl asses of hea'lthy and i nfected p'lants,

vigorously growing healthy pìants compensate for adjacent poorìy growing

p'lants j nfected by I eaf rol ì . Thus, y'i e'ld I oss determ'i ned by compari ng

fields ccnta'ining all diseased plants wÍth fields in which alì plants
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are heaìthy gives an 'inaccurate measure of the yieìd loss at a certain

percentage of diseased piants in a field.

The mathematical equation of Reestman (1970), seems to be a

reliable tool for est'imating yield loss at centain percentages of

disease, Thus, the equatìon estimated the actual loss al ZET. leafrolJ

incidence to withj n 0.77.. The other equation (Bìodgett, 1941 ;

Kirkpatrick and Blodgett, 1943) estimated the actual loss less

accurately and Harper et al. (1975) found this equation to be

inadequate. It js likely that such equations can be used to estimate

yieid loss in the fiel'd.
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CHAPTER 4

STUDIES ON ALT€ßrltARIA SoIAÂtI

I. Introduction

Early b'light (target spot) caused by AlLennatúa ¿olani Sorauer

(Syn. ('lactto':¡zo,z)um ¿o!-ani Ellis and Martin) js a serious disease of

potatoes, and is found worldrvide wherever the crop is grown (CMI lvlap 87,

ed. 4,1972). The disease affects leavesn stems, and tubers, being often

more severe when p'lant's have been predisposed by injuryr poor nutrition,

or other types of stress. Field resistance to foìiage 'infection is
associated with plant maturity, and late maturing varietjes of potatoes

are more resistant (Waingantner, 1980).

Ellis and Gibson (1975) described Allp'znat¿)a ¿olotz-L as follows:

col ony

conidiophore -

coni di a

effuse, grayish brown or black and hairy.

arisjng s'ingly or in small groups, stra'ight or flexuous,

septate, rather pale brown or olivaceous brown, up to 110

u long, 6-10 u thick.

usually soìitary, rarely in short chains, stra'ight or

sljght]y f lexuous, obclavate or with the body of the

conidium oblong or e'llipsoidal, tapering to a beak which

is commonly the same length as or rather longer than the

body, paìe or mÍd pa'le golden or ol ivaceous brown,

smooth, overall length usually 150-300 u, 15-19 rr thick

in the broadest part with 9-11 transverse and 0 or a few



l ongi tud'ina'l or obl ì que septa ;

sometimes branched, 2.5-5 u thick,

7L

beak flexuous, pale,

taperi ng gradua'l I y.

The fungus has been a subject of a number of studies because it
does not sporulate readiìy on culture media w'ithout special treatment.

As abundant spores, produced aseptica'l'ly, are often requi red when

screeni ng potato cl ones for resi stance to the di sease, or when

evaìuatìng fung'icides in the laboratory or g'lasshouse, considerable

attention has. been directed torvards improving in vitro conidial

production. Rands (1917) found that stimulation of sporuìation occurred

when a 10-12 day-old potato agar culture of ,4. ¿o!.a:t-L was cut up and

exposed to sunshine. Cultures of the fungus was also induced to

sporu'late by exposure to ultra-violet light (McCallan and Chan, 1944 ;

Charìton, 1953), sunlieht (Padhi and Rãth, 1974), or to flourescent

light (Luken, :1960 ; Barksdale, 1968). Recently, Shahin and Shepard

(1978) induced profuse sporulation of A, ¿o!.ani, and two other species

of Alternaria, by placing blocks of agar-cu'lture on the surface of a

sporulat,ion medium. To some workers, such methods consistently produced

high numbers of spores while to others, none of these methods was

useful.

The relatìonships among radiation, media, and temperature on

sporulation of Ah-øznania ¿o!.anL in pure culture was investigated, and

such factors were considered in developing a simpìe method of inducing

sporulation of the fungus. Furthermore, .fungicides were tested against

the fungus, in vitro using spores obtained with such methods.
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II. Experiments and Results

A. Mycelial growth of 4. ¿o!.oni on various synthet,ic media

Fungal isolate - 'i sol ates of A. ¿oln¡ti were obtai ned f rom typ.i ca'l

leaf lesions on potatoes gathered from the Adelaìde

plains, South Australja, and were grown on potato

dextrose agar (PDA) - plates. Pure cuìtures of the

fungus were grown on PDA - p'lates for seven days. at

20oC, Then, Petri d'ishes conta'ini ng 1 .52 water agar

were each covered with a culture p]ate, and left
overnight in the laminar flow cabjnet with the

lights off. Dìslodged conidia on the surface of the

water-agar were allowed to germinate for 24 hours

before they were isolated as s'ingle spores.

Medi um Several media were used : Corn meal agar (CMA), Lima

bean agar (LBA), Malt extract agar (MtA), potato

dextrose agar (PDA), yeast extract agar (YEA), all
Difco products ; V-B juìce agar (V8A), and prune

agar.

Plates (9 mm dÍameter) contafning 20 ml medium were seeded with a

centra'lly positioned 5 mm diameter plug taken from the edge of an

activeìy growing 3-day old sing'le-spore culture" The inoculated plates

were incubated at 25oC, and the radjal growth of colonjes was assessed

at 84 hours after inoculation by measuning the radiar rength of coronies

at four different posÍt,ions,
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The nesult presented jn Table 12 shows that A, ¿olan-L produced

sjgn'ificant,ly more growth (P.0.01) on PDA than on any of the other

media tested. The fungus grew at the same rate (P t 0.05) on Prune agar

and VB - juice agar. 0n alI the media, con'idiophores and aerial hypha

developed but no conidia were formed.

B. Light and temperature interaction on the sporulation of A. ¿o.tatú

The isolate used 'in Experiment - A was grown on PDA and kept. at

25oC for 3-4 days after whjch it was used as inoculum. Petri dishes

containing. 20 ml of PDA were inoculated in the same manner as desoibed

previously, and incubated under constant light at temperatures of 18,

and 25oC. The l'ight source was 40-ld white flourescent tubes that were

located 15 inches above the cultures, and the lìght 'intensìty at p'late

level was 4000. Lux. Comparable plates were covered with two layers of

bjack poìyethylene plastic sheets to exclude lìght. Seventy eight hours

after seeding, half the number of plates whìch were grown at 25oC were

transferred and pìaced overnight (12-14 hours) in an incubator at lBoC

wjthout suppìementary ì'ight'ing. After the spore induction perÍod, the

conÍdia produced on each plate were washed off the mycelia with water,

spore suspensÍons centrifuged at 400 g for 5 min, and the resultant

pe'l 'lets di I uted to 10 ml of di sti I I ed rvater, The concentrati on of

conidia per plate was det,ermined with a haemocyt,onreter.

The conidia were also tested for pathogenec'ity by inoculating

potato plants (Var. Red Pont'iac) regenerated from stem cutt'ings. The

plants were sprayed with conidial suspensÍon (i0-11,000 conid'ia per m1),

and covered with a transparent p'lastic bag for 3 days to maintain high

humid'ity. Infection was recorded from 5-10 days afterinoculatfon.
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Table 12 : Effect of on mycelial growth of A, ¿olt¿ni

Medi a Mean colony d'iameter (mm)

Potato Dextrose Agar

Piune Agar

V-8 juice Agar

Lima Bean Agar

Yeast Extract Agar

Corn Meal Agar '

Malt Extract Agar

L. S. D.

58.0

50.16

48.66

46.83

44.66

42.83

39.33

2.24

3.01

P = 0.05

P = 0.01

c. v. = 4.07.
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The result presented in Figure lB shorvs that the cultures of

AlLønnatün ¿olanL sporulated at 18oC 'in ejther lìght or dark conditions,

and did not sporuìate àt 25oC in the same condition. Sporulation h,as

h'ighest on cul tures grown and i I I urni nated f or 12 hours before bei ng

'incubated at lBoC jn t,he dark (Figure 1BA), and was lowest on those

grov/n in the dark (Figure 1BB). At 18oC, contjnuous illurninatjon of

cultures during grorvth and incubation reduced sporulatíon, whereas

similar treatment but without llght drastically reduced sporuìation

(Figure 1Bc).

Harvested spones were high'ly pathogenic when inoculated on potato

plants. Symptoms of infectjon were observed 4 days after inoculation,

and were typical of early blight under field cond'itjons 10 days later.

C. Sporuìation bV A. ¿olnni on different synthetÍc media

The fungal isojate, media, and seeding method were sim.ilar to those

descri bed i n Experi ¡nent A. Petri di shes contai ni ng 20 ml of med'i um were

seeded with the fungus and grown continuously for 72 hours at 25oC under

flourescent'ìamps with a ììght intensity of 4000 Lux at the p'late level.

During thìs period, the pìat,es were not invented, and no spores were

formed.

After the initial growt,h period, the cultures were transferred and

p'laced overnight (12-14 hours) in a growth cabinet. To induce

sporu'lation, the temperature ins'ide the incul¡ator was set at lBoC and

the ìights were slitched off. Spores were col'lected and concentrations

determined by adapting the method described previously.
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Figure 18 Sporulation response of 72 hour cuìtures of ,4. ¿o!.aní

to f ight and temperature.

A Cultures were illuminated for 72

25oC and then subjected to a

hours at,

12 hour

B

sporulation period in light ( ËJ ),

dark ( ), at 18oC and 25oC.

Cultures grorvn in compìete darkness

hours at 25oC and then incubated in

conditions as in A.

and in

for 72

simi I ar

c Cultures continuous'ly grown and incubated in

lieht (El) and in dark (



I

7

6
t::" rkj 

; ij!'r

.f,-,+::

5

cBAro
C)

;4
t¡J
t-
J
À
tr
l¡J 3
o.
U'
l¡¡
É,
o
o.
U'

2

1

o

18 25 18 25

¡NDUCTION TEMPERATURE (

18

co)



77

The experÍmental des'ign was a randomized complete block urith 7

treatments replicated six times.

The result pr esented in Table 13 shorvs that ¡1. ¿olctni grown on PDA

produced significant'ly more spores (P.0.01) than on any of the other

media used. A similar result was achieved with cultures on L'ima Bean

Agar (LBA) componed rvith those on other media except PDA. 0n all the

media, aerjal hyphae were sparse, abundant conidjophores developed, and

no conidia were formed during the 72-hours initial growth period.

D. Effect, of temperature on sporulation of A. ¿oLani

That the fungus sporulates more readi'ly at low than at high

temperatures was investigat,ed to determine the optimum temperature at

which max'imum.sporulation can be achieved. The materials and methods

used were sim'ílar to those described in Experiment - C, except that,

cultures were gro\,/n on PDA, and were induced to sporu'late at

temperatures rangi ng from 5 to 30oC. Spores were col I ected and

concentrations determined by adapt'ing the previously described method.

The experiment was repeated twice and both experìments v/ere

conducted following a randomized comp'lete block design with G-treatnents

rep'l'icated six times.

The resul t presented i n Figure 1 9 shows that the cul tures

sporu'lated at temperatures between 5-20oC, sporulating at ìts maximum

potent'iaì at 15oC. A significantly h'igher number of spores was produced

(P < 0.0i) at 15oC than at other temperature. Despite the presence of

conidiophores during luhe 72 hourinitial growth period, cultures
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Table 13 : Influence of mediurn on sporulation of A, ¿ol-ani.

Medi a Spores per p.late (x 105)

Pot,ato Dextrose Agar

L'ima Bean Agar

VB-juice Agar

Prune Agar

Malt Extract Agar

Corn ln4eal Agar '

Yeast Extract Agar

4.88

3.77

1.97

1.46

0.964

0.126

0.125

0.343

0.469

L.S.D

P = 0.05

P = 0.01

Coefficient of Variation = 1A7"

I

I

I

L

i
I

I
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Figure 19 Sporu'lation response of 72 hour cultures of A, ¿oloni to
temperatune.

c'æs First trial
Second trial
L.S.D. (P = 0.05)

L. S. D. (P = 0.01 )

L.S.D. (P = 0.05)

L. S. D. (P = 0.01 )

c-----¡
A

B

c

D
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cultures that were induced to sporulate at 25oC

sporuìate which indjcated that at temperatures

sporul ati on by A. ¿o!.anL is i nh j bi ted.

80

and 30oC did not

higher than 20oC,

E. Relationsh'ip between length of gror*th period and sporulation

Petri dishes containing 20 ml of PDA were seeded with a 5 mm

diameter agar piug taken from the edge of an actively gnowing 4 day old

s'ingle-spore culture. The inoculated p'lates h/ere pìaced under

flourescent 'lamps in a constant 25oC temperature room. Seventy two

hours after i nocul ati'on, and every 24 hour"s thereafter, six culture-

plates were t,ransferred and left overn'ight (12-14 hours) in a growth

cabjnet, (wìthout lieht) which was set at 15oC, to induce sporulatjon.

Spores were counted by adapting the previousiy described method

except that, plates were flooded with 17. triton X-l00 (Sigma chemical

Co.) to prevent the conidia from st'ickjng to either the agar surface or

the petri di sh vral I s duri ng coì I ect'ion, The experimental desì gn was a

randomized complete block with six treatments and five replicat'ions.

Figure 20 shows that the cultures progressÍvely produced more

spores as the length of growth period was increased from 12 to 192

hout^s. Opt'inrum sporulation was ach'ieved with cultures grown for 168

hours (l days ), and a growth peri od I onger than these djd not

signifìcantly (P > 0.05) improve sporu'lation. Growth periods ìonger than

9 days reduced sporulation levels" The differences between numbers of

spores producecl between periods fron 72 to 168 hours were highly

significant, (P < 0.01).
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Figure 20 Relationshìp between 'length of growth pen'iod and sporuìation

' oî A, ¿ohn).

c-@
E-a

Number of spores

Mycei i al growth
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F. Sporuìation of A. ¿o-tnni on PDA-plates arranged in rayers

As culture plates in an inverted positìon durìng the initial grovrth

period were observed to conta'in fewer con'idja than those which were not

inverted, sporulat.ion in culture plates stocked to a height, of four

p'lates was investigated. SeecJed PDA-p'lates were arrangecl in four 'layers

and kept in a growth room v¡ith constant light and temperature (25oC) for
foun days. Aft,er the growth period, the cultune pìates were transferred

and left overnight in a sporulating cabìnet descrìbed pr-evíously. Spore

counts v/ere recorded l4 hours after incubation"

Table 14 shols that sporulatjon in the middle and botton plates

were 95 to 997' less than that 'in the top p'late. Differences in the

number of conid'ia produced in each 'layer of culture plate were

statistica'l1y 's'ignificant (P < 0.01) except between the tv¡o bottom

pìates. AerÍal hyphae were densely produced in the middle-lower, ancl

bottom pìates, whereas these \4,ere sparse and practica]1y absent jn the

m'iddle-upper and top plates, respect.ive'ly,

G. Tolerance of A. ¿oÍ.o¡ti to fungicìdes

A ce1 lophane-transfer bìoassay described by Neely (1978) was

adapted to test, the ef fect of 17 ki nds of f ungi c.icies on spore

germination and grovrth of the fungus jn vitro.

Fungicide solutions were prepared with de-ionized water and

concentrations of 500 ppm, and 20 ppm were used to test fungicidal, and

fungìstatic properties of the chemica'ls, respectively. About 20-24 hours

after the cellophane disks were seeded, the fungistatìc properties of



Table 14 :
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Sporulation of A, ¿olani in PDA p'lates arranged in four

layers during the growth period.

Position of Plate Conidia per plate (x tO5¡

Toþ

Mi dd 1 e-upper

Mi ddl e-l ower

Bot,tom

44.01

2.'|.3

0.58

0.27

0.46

0.71

L. S. D.

P = 0.05

P = 0.0,l

c. v. 3.27"
It !

l"'" '
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the chemicaìs, respectively. About 20-24 hours after the cellophane

disks were seeded, the fungistatic property of each chemical was

determined by recording the percentage of spores that germ'inat,ed. l^|hen

997" or more of the spores had not germ'inated, or had germ tubes t,hat

were less than half the spore 'length, the chemical was considered

fung'istat'ic. The f ungi c j dal propenty of each chenri cal was determi ned

four days after seeding. If fungal growth was observed on the disk which

were placed on PDA-plate, the chemical was considered non-fungicidal.

Among the f ungicides test,ed, captafol, chlorothalonì'1, sprod'ione,

and orthocide were fungìstatic, whereas Mancozeb, Benomyl, procymidone,

Ferraminosulf, and Vinclozolin were fungicjdal (Table 15). The rest of

the fungicides'did not affect spore germÍnation on mycelial growth of

A. ¿olonL.
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Table 15 : Effect of some fungicides on ,4. ¿o.luti 'in vitro.

Fungi ci de Inhibition of
Spone Germi nat'i on

(7')

Myceì i a
growth

I
1

Captafol (Difo'latan)

Chlorothaloni I (Bnavo)

Iprodione (Rovraì )

Orthocìde (Captan)

l4ancozeb (Dithane M-45)

Benomyl (Benlate)

Procymidone (SumÍsclex)

Ferram'i nosul f ( Dexon )

Cabozo j i ne (Seri na'l )

Fosetyl + Mancozeb (Mi kal )

Fosety'l (Alliette)

Vi nci ozol i n ( Ron'i l an )

Metalaxyì (Ridomi ì )

Etridiazole (Terrazole)

TCt',lTB

Qui ntozene (Terroc'lor)

s. N. 78.314

Control

99.0

99.1

99.0

99.0

97. B

97.2

96.0

94.1

BB.1

66.33

12.s

9.0

7.2

7.1

5.45

3.05

2.2

0

+

+

+

+

+

+

+

+

+

1 = No growth on PDA after 4 days.

= The fungus grew on PDA after 4 days.+
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III. Discusscion and conclusion

The strain of Æü-etuuu¿¿a ,5o!.ani used in this study appears to grow

most rapÍd1y on Potato-dexLrose-agar but sporulates sparìngly unless

g'iven special treatment. An inÍtial growth period at zsoc w.ith

supp'lementary I ight, fol lowed by a spore-i nduc'bion period of darkness at

low temperature (15-1BoC) appear t,o be suffic'ient treatnlents t,o induce

PDA-cullures of the fungus to sporulate profuseìy. However, culture
pìates must neither be in an inverted position nor arranged in 'lay:rs

duri ng the growth peri od as sporu'l ati on wi I I be drast j ca'l ìy reduced.

Nevertheless, coniclia which do not vary in age by more than the length

of spore-induction peniod can be obtainecl with such a method. The age of
conjdia (inoculum) may be an essential factor to be considered when

screening fungicides, or evaluatìng potato variet.ies under control led

cond i ti ons

As with oLher fungi, sporu'lation tn A, ¿o!_anL depends on ìight and

temperature which can be separated jnto inhibitory and stimulatory
processes by manÍpu'lating such factors. Sporulation of some demat'iaceous

fungi, part'icularìy the ìarge-spored forms, is ìnhibited by light at

high temperat,ures (Barnett and L.illy, l9S0 ; Houston and Oswald, 1946;

Leach, i961 ; Rejd, 19sB; trjitsch and l,lagner, 1g55). Among the genera

with species exhibiting this phenomenon are Ælfetnania, Stznphg!.Um, .-.,

Itp-lni¡tÌho,spon)ttn and lleletzo'spozium. he action of I ight on i nh.ib.it.ing
Ilr r4 )

conidial fþrmation in A, ¿o!.ani is simirar to that in A, Lona.t-oi
(Agaraki, 1964).

The photo-inhibjtion of sporu'lation in A, ¿o.tat>i was investigated

by Lukens (1963). He has shown the posÍtive effect of riboflavin-5-
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phosphate mononucleotide (FMN) in overcorning the inhibitory effect of

light, and suggested that a flavin acts in 2-wa¡rs : it ìs a receptor

thnough wh'ich light inhjbits sporulation, and it is requÍred also for
' I l'\

conjdie-] formation which is rendered ineffect,ive by light. However, he

I ater ( 1966) reported that coni d'i ophores can bear spores i n 'l 'ight when

the temperab,ure is below 23oC, and suggested that only the biochemjcal

pathway of sporu'lation wh'ich predominates above 23oC is sens'itive to

light. An action spectrum for photo-induced conidium formation in A,

¿o!.anL was 'invest,jgated by Honda and Yuroki (1981). They found that. the

most ef fecti ve wavel ength j n f nduci ng con'idi um fornrati on i s 230 rflrÌ1,

wavelength.greater than 356 mm being ineffective.

Some of the fungicides tested, particularìy captafol and

chl orothal oni I I appear to be ef fect'ive agai nst 4. ¿o!.c¿n^i-" A'lthough the

chemicals have. not been tested in the field, observations made on

commercial potato farms reveal that chlorothalonil is effective in

control l Íng early bl'ight caused by A, ¿o!.ani" In the I iterature, Lahman

et al. (1982) showed that Difolatan 4F (captafo'l), Difolatan 4F + DMS0

(d'imethyl sul foxide) reduced popul ations of vi abl e rl, ¿clnni spores orì

the soil surface rvhen appìied as a pre-harvest chemical to control tuber

infection. Moreover, Platt (1983) studied the effects of metalaxy'l,

mancozeb and chlorothalonjl on early, and late blieht (?hgLophflnno-

inþ'sLotu) and he found that the incidence of early blight was reduced

on p1 ants treated wi th chl orothal oni I or mancozeb but not wi th

metalaxy'|, Aìthough chemicals have been shov¿n to be effective against

t,he fungus (Goss, 1923 ; Pot,ten and llooker, 1960 ; Ohms and Fenwick,

1961 ; Harrison et al., 1965 Douglas and Groskopp, 1974), the use of

resistant or tolerant potato varÍeties is likely to be more econom'ical

especially'in pìaces where pesticides are costly.
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CI.IAPTER 5

STUDIES 0tl ?S&n1rcNAS S)tAtVAC[ARltfl

I. Introduction

Bact,eri al wi I t caused by ?¿p.udomona¿ ¿olanaceanurn (SmÍ th, 1896)

Smit,h 1914 is one of the most important and lethal diseases affectìng a

number of economic crops such as potato, tobacco, tomato, and bananr.s.

The host range of the bacterium is exceptionally wide including more

'll;han 30 families'iuch as Solanaceae, 14usaceae, Asteraceae and Fabaceae

(Kelman, 1953). The bact,erium ìs widespread'in tropÍcal, subtropica'1,

and warm-temperate parts of Asia, Africa, Australasia, Europe, North

America, Central America, and the l¡lest Indies (CMI trlap 138 Ed. 2), and

the disease limits growing of potatoes in Southeast Asia particu'lar'ly at

I ower, warnter el evati ons.

In potatoes, symptoms of bacterial w'ilt such as wilting, stunting,

and ye]lowjng of t,he foliage may appear at any stage in the growth of

the plant. All leaves of infected plants may wilt quìckly wÍthout much

change in colour when disease development is rapid. 0n cut tubers, white

droplets of bacterial slime ooze out of the infected vascular ring when

pressure is applied. The eyes, often at the bud or apical end, become

gray'ish brown, and a sticky exudate may form on them or at the stolon

con necti on.

Three races of P, ¿olnnc¿eeattum have been proposed on the basis of

pathogenic special ization and certain cultural properties : Race 1

affects tobacco, tomato, many soìanaceous and other weeds and certain
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dipìoid banana; Race 2 causes bacterial wilt of triploid bananas (Moko

disease) and fleücorúa i Race 3 affects potato and tomat,o, but is not

highly v'irulent on other solanaceous crops (Buddenhagen and Kelman,

1964). 0n the otherhand, Hayward ( 1964) cl ass'if iecl the bacteri um i nt,o 4

biovars according to its capacity to oxidize 3 disaccharjdes (ìactose,

maltose and cellobìose), and 3 hexose alcohols (mannìto'1, sorbito'l and

duìcitoì) : Biovar 1 strains oxjdize nejther group of carbohydrates ;

Biovar 2 strains oxid'ize the disaccharides but not the hexose-alcohojs;

Biovar 3 st:ains oxidize both groups of carbohydrates, Biovar 4 st,rains

oxidize the hexose alcohols but not the disaccharides. Suclr systems of

classification u." noi eas'ily correlated except for the fact that Race

3, the potato straÍn, is equivalent to Bfovar 2.

In naturai ìy infested soi ls , P, ¿olanaceottum can survive on :

jnfected host-plant debris (Lìoyd, 1978) alternative wild host,s (French,

1983), in the rhizosphere of some rveeds and economic crops (Quimio and

Chan, 1978), and in the roots of presumed non-host crops (GrarracJa and

Sequei ra, 1 981 ). Moreover, the bacteri um can surv'i ve for a I ong t'ime i n

deep soil ìayers (McCarter et al., 1969). The effect of perÍodic dry

soÍl on bacterial viabi'lity appears to be a major factor in the absence

of wilt or its failure to increase in hot, dry areas even after they are

ìntroduced. In generaì, the effects of differing soil factor s on the

survÍval of P, ¿olanacp.at¿¿rz¿'in soil have not been studied by direct

t,echniques probably due to lack of a suitable selectÍve medi'a. ro"

instance, Nesmit,h and Jenkens (1979) found that most of the medja

developed to detect P, ¿oLat¿oce.anum in soil wene unsatisfactory because

they al I ow growth of t,oo many background bacteri a, or they are

appropriate only for certa'in strains of the bacterium.
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Recent'lyn some selective media have been deveìoped to detect P.

¿o!-anac-¿anun i n soi I . Nesmi th and Jenl<i ns (1979) devel oped a sel ecti ve

medium for monitoring the population of the bactenium frorn naturally and

artific'ia1ìy infested soil. They used a basal nedium derived from a

modificat,ion of t,he standard triphenyi tetrazol'ium chloride ¡¡edjum (TZC)

and a f i nal medi um wi th anti-mi crobi al compounds. A bacterj oci n

techn'ique was also developed by Chen and Echandi (1982) to detect,

isolate, 'identify and quantify P, áolnnace.cu¿um in soils. They also used

TZC with chloramphen'icoì and pentachloronitrobenzene as basal medì,¡m,

and used a wide spectrum bacteriocìn-sensìtjve strain of the bacterium

as an i ndi catorbo d j st'ingui sh P. ¿o!.uracp.attun coloni es f ro¡n other soi j

bact,erja on the basal medium. More recently, Granada and Sequeira (1984)

developed a modified TZC medium, wÍth good plating effic.iency and h.igh

sel ecti vi ty.

This chapter deals with an ecologicaì study of ?, ¿olonctc¿anun with

emphas'is on t,he survival of biotypes 2 and 3 in artific'ia'l1y jnoculated

soil. The interaction between soil mo'isture and temperature, and the

effect of organic matter amendment on the pers'istence of the bacteriurn

in soil were investigat,ed to provide some basis for an understanding of

factors accelerating the dest,ruction of soil borne inoculum and their

appì'ication to control. Moreover, the survival of P. ¿olanacectzum in

soil p'lanted with non-host crops was 'investigated to provÍde the basis

for control I i ng the di sease by crop rotati on. The i nfl uence of

['lelúdoggnz ja.uanLeo, and aviru]ent bacteriocin-producing stra'ins of 2.

¿o!.a¡tacea'zam on bacterial wilt of potatoes were also investigated.
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II. Experirnents and Results

A. Selection of baiterÍocin-produc'ing" and bacterioc'in-sensitive
strai ns of P, '5oÍnnace.o.tutm.

As the select'ive medium developed by Chen and Echandi (1982)

requines a bacteniocjn-sensitive strain of the bacterium, the following

Austral'ian 'isolates of P. ¿ola¡¿aceattum were tested ;

Strain Biotype Hpst 0r'igi n Source of
Cul ture

c60s
0t 58
025
0127
0223
0966
0234
006
010
0128
01 31

0i 70
01 71

06478
QTl
QT2
QT3
003
009
02BOB

2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4

Potato
Potato
Potato
Potato
Potato
Potato
Potato
Xantj¿ùun p¿ulge.n/s
Tomato
Rapi-tf-nwn uugo/3om
Potato
Tobacco
Solanun ntz!-or¡gp12o
Tomato
Tomato
Tomato
Tomato
Zùtg.i-l*e-n o /-þunn-!z.
7)nil-Lea olþcina!-e
Tomat,o

S. Austral i a
Queens I and
Queens I and
Queens I and
l,J. Austral i a
New South l{ales
Queens'l and
Queens 1 and
Queens'l and
Queens ì and
Queens I and
Queens ì and
Queens 1 and
Queens 1 and
Queens ì and
Queens I arrd
Queens'l and
Queensl and
Queensl and
Darlin, N.T.

Hayward
Haylard
Hayward
Hayvrard
L I oyd,
L1 oyd,
Ha¡nvard
Hayward
Hayward
Hayvard
Hayward
Hayrvard
L ì oyd,
Lloyd, A. B.
Lìoyd, A. B.
Llody, A.
Hayward,
Haywa rd,
Hayward,

, A.C"
, A"C.
, A.C.
, A.C.
A. B.
A. B.
, A.C.
, A.C.
, A.C.
, A.C.
, A"C.
, A.C.
A. B.

B.
A. C.
A. C.
A. C.

Each strain was tested as a bacteriocjn indicator (sensitive) against

each strajn as a bacteriocÍn producer. Petri plates containing Kelfiiants

tetrazolium chloride agar medium (TZC) were spot-seeded with different

test' strains and incubated fon 40-hours at 30oC. Afterincubation, the

plates were inverted, exposed to the vapon of 3-4 ml. of chloroform for

1-hour, and allowed to stand with the lids off for another hour. A 0.2
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ml sample of the indicator strain (107 cells/ml) was added to 4 ml of

0.17" melted water agar (45oC) and pounecl over the seeded agar-p'late.

Pl ates were ì ncubated for an add'it'ional Z4-hours at 30oc. A strai n

sensitive to bacteriocin from the greatest numben of stnains was chosen

and used in subsequent experiments.

0f the 20 isolates oî P. ¿olanoeeoz¿a tested, 12 and 9 were

bacteriocÍn-producen and bacteriocin-sensitive, respective'ly (Table 16).

Bacterioc'inogenicìty in this test was indicated by the formatìon of
'inhibition zones around bacterial colonies (Figure 21 ). The biovar 2

strajns, exept 0234, and b'iovan 4 strains were all bacterjocin-

sensitive, whereas all the biovar 3 strains were bacterfocin-producers.

Strain 0234 (biovar 2) produced a bacteriocin agaÍnst other stra'ins

belonging to the same biovar, whereas nlost of the isolates were

sensÍtive to bacteriocin produced by straìn 02808, a biovar 4 isolate

from the Northern Territory of Australia.

B Evaluation of selective media for isolation and quantificat.ion
P. ¿oÍ.anoez.c un in soil-

of

The selective (semÍ-selective) medja developed by Nesmith and

Jenkins (i979), Chen and Echandi (1982), and by Granada and Sequeira

(1983) were evaluated. The composition of each medium js indicated in
Appendix 1. The South Austral jan isol ate (c605) was used as the

bacteriocin indicator complete Chen and Echandits medium, and strain-l70

was used to inoculate the soil.
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Sensjtivity of P. ¿olanaceanum strains to strains of the

same bacterì um.

B i ovar Bacterì oci n
Producer
Stra i n

No. of Bacteriocín sensit'ive stnains

Biovar 2 Q¡2 Biovar 3 (10) Biovar 4 (3)

6

6
6
6
5
6
5
5
5
5
6

1

2

3

4

0234

006
010
0128
01 31
0i 70
0171
06478
QÏ1
QT2
QT3

C2BOB

3

3
3
3
3
2
3
3
3
3
3

2

0

0
0
0
0
0
0
0
0
0
0

10

2 Numbers in parentheses indicate the number of strains ìn each
biotype tested for bacteriocin sensitìvìty.
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Figure 21 Bacteriocin reaction of P, ¿olanace-anum isolates to an

i nd i cato r st,ra i n ( of P, ,so.tatwce.attun) 1 ayered over the

colonies in water agar. Co'lonies were initially grown 4O-hours

on TZC-medium and k'illed wÍth chloroform before the indicator

strain was "introduced. The inhibition zones indicate the

presence of bacteriocin to which the indicator strain is
sens i ti ve.
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8.1 Pen cent reduction of, soil bacteria

A red-brown urrbrae loam soil (Appendix 9, Figure 22) from the

l¡Iajte Inst'itute experìment field was used to evaluate the effectiveness

of the medja ìn reducing the numbers of background bact,erja. A l0 g

samp'le of sojl was pìaced Ìn a fìask, and d'istilled water was adcJed to

the 100 rnl mark and shaken for 30 min, then aliquotes of 0.1 ml from 10-

fold dilutions were spread on plates contain'ing the medium being tested.

Djlutions were also spread on Casamino-acids-peptone-g'lucose agar (CPG)

medium to deternline the total number of bacteria in the soi]. To

cal cul ate the per cent reductj on of soi I bacterÍ a, the equat.ion

formulated by Cuppels and Kelman (lgl4) was adopted ;

Per cent Reduction =
No. of bacteria recover! wfth test medium

l'ot,al no. of bacteria on CPG-medium

As indicated in Table 17 the total soil bacteria was significantly

reduced (P.0.01) to about 502 on TTC medium, and to over 962 on the

selective media. Bacterial and funga'l grovrth v/ene complet,ely'inhib'ited

on the medÍum developed by Granada and Sequeira (GS), whereas a fevr

funga'l and bact.erial colonies grew on either the Nesmith and Jenkins

(NJ) or the Chen and Echandi's (CE) med'ium. Sjnce both the GS and cE-

med'ia were simpler to prepare than NJ, they were evaluated further.

8.2 Recovery of ?. ¿olannc¿atzum from an artificfally infested soil.

An Urrbrae soil described prevìous'ly was used in the experiment. To

compare the effic'iency of the GS w'ith the CE-medium in recovering P,

¿olanaceanum from soil, 1 ml of a bactenial suspension (lo+ - 105

cfu/ml) was added to a gram of unsterilized soil (oven dry weight) and
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Figure 22 Moisture characterist,ics curve of experimental (urrbrae) soil.
Samples of soil passed through a 2 mm sieve were moistened to

-0.98 KPa' pìaced on moist, filter paper insÍde sintered glass

funnels and suctions of -0.98 to -19.6 KPa (10 to 200 cm of

water) were applÍed for two weeks before estimation of soil

moisture contents. Suctions of -,l00, -500, and -1500 KPa were

obtained using pressure chambers. Plastic conduits with the

moist soils were p'laced on top of a high pnessure ceramic

pìate in the chamber and pressure applied from a compressed

air cylinder for two weeks.
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97

PopulatÍons of soil bacterÍa on non-selective and

selective med'ia.

Medi a1 Total Bactenia
Per Gram Dry Soi 1

Reduction of soil
bacterÍ a (7")

CPG

TZC

NJ

CE

GS

2.75 x 106

1.3

2.7

8.9

x 106

x 104

x 104

0

1

52.72 a

99.0 b

96.8 c

100.0 d

Means foljowed by different letters are signif-icantly

different (P = 0.01) after being transformed ( X + l/Z).
1 Casamino-acids-peptone-glucose agar (CPG), Tripheny'l

tetrazolium chloride agar (TZC), Nesmith and Jenkins (NJ),

Chen and Echandi (CE), Granada and Sequeira (GS).
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later, 0.1 ml samp'les of the l0-2 and lo-3 ¿ilutions were spread, wit,h a

bent pasteur pi pette, on each p1 ate contai ni ng the medi um bei ng

evaluated. Aliquots (0,1 ml) from the inoculum suspens'ion were spread on

TZC-medjum so that subsequent comparison of plating efficiency was

possibìe" Plates were incubated at 30oC, and were examined after the

requÍred incubat,ion period for each selectìve medium was completed"

As iIIusbrated in Fìgure 23-4, the ¡nedium developed by Chen and

Echandì recovered 1002 P, ¿olanace.at¿un from the artjficìal'ly infested

soÍ1, and only 1.57" of other sojl bacterja. Neither bacterja nor fung1

grew on t'he GS-medium even after p'lates v¡ere re-inoculated with pure

cultures of P, ¿olanctc¿.anum (Figure 238). llowever, when the medium was

modi f i ed by not i ncl udi ng the anti bi oti c, thi omersal , p, ¿o!.anne-e.a/u.DÌt

was recovered from the soil díluted 1 O-2 (Figure Z3-C). At a soil

di I ut'ion of rc-? however, 1 .87. of other soi I bacteri a grew on the

modified GS-medium recovered. Colonies of the pathogen on the modÍfied

medi um v/ere mi'lky v¿hi te 2-3 days after pì ati ng and col ony type was

similar to that observed on TZC-med'ium 4-5 days later (Figure z3-D).

c. The effect of adding organìc amendn¡ents to soil on persistence
P. ¿olana.ce.arum.

of

As Tanaka (1978) found that addition of manure to infested subsoil

reduced considerably the population of ?, ¿olanaee.azum and wilt
severity' the effect of adding fow'l manune to soil artificìal1y ìnfested

with P. áolanaceattum on the survival of the bacterium was investigated.

The soil type described in the previous experiments was used. Soil

samples were divided'into two lots, labelled as soi]-A and soil-8. A
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Figure 23 Comparative efficiency of selectìve media for recovery of ?.

¿olanacea-n-um f ron arti f i ci a'l1y i nfested soi I .

(A) Plate (rieht) shows clear inh'ibit'ion zones around P.

,to!.anace.atum co'lonies, and left plate shows a colony

of ot,her soil bacteria with no inhibition zone

around it (arrow).

(B). Top plates show growth of 2, ¿o!.at¿acp.atutm on IlC-
medi um, bottom pl ates wi th no bacteri al growth

contai ns Granada and Seque'i ra' s (GS) sel ec'bi ve

medi um,

(C) 3-day old colonies of P,

GS-medi um ( l ef t p'l ate )

pì ate).

¿olctnocpttcun on modified

and on TZC-medium (right

(D) 2-3 days old (top), and 4-5 days old (bottom)

colonies of P. ¿olanace-antn on GS-medium (modified).
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fuìly decomposed fowl manure was added to soil-A at a ratio of one-part,

manure to four-parts soils. Plastic containers (12 cm diameter x 6 cm

deep) were fi i led w'ith equa'l quant,ìties of the so j I preparations and

. infested, with strain-170 at an inoculum density of 5 x 107 cells per g

oven dry soil. After adjusting the moisture content of the soil to about

157", they were kept in a growth cabinet at 30oC. The following day and

every 14-days there.rfter, the number of P, ¿olonacp.attun and other soil

bacteria per gram of so'ii (oven dry we'ight) were determined. Procedures

for Ísola'bing the bacterium were similar to those described'in

Experirnent-B2. The medjum used was a modified GS-medium.

The result presen'bed in FÍgure 24 shows that the initial population

(Po) of P, ¿olanace.atum in l¡oth soiì-types increased a few days after

inoculation and then progressive'ly declined thereafter. At soil

dilut,ions of 10:1 and l0-2, P, ¿olanaeenttum in the soil without manure

was still detectable at .l26 days from inoculation, and was undetectable

beyond that period. Populations of the bacterium in soil amended with

manure declined at a faster rate and the bacterium was not detectable

34-days after inoculation. The population of other soil bacterìa was

comparatively high particularly in the soÍ'l with manure. A bacterium and

an act'inomycete, wh'ich were dominant in and jsolated from the manured

soil, inhibited the growth of P, ¿olonacea'utm when tested on CPG-medium

by means of a modified bacteriocìn technique ; the organ'isms were spot

seeded on CPG-piates and strain-0170 was used as an indicatc¡r. The

antagonistic organisms were also present jn the fowl manure but not in

the soil w'ithout manure.

,[.
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Figure 24 Population dens'ity trends of P, ¿olnnacea,,¿um, and of other

soil bacteria (-----), in soìl + manure ( a ) and in soil -
manure ( c ). Soil moisture content was about 157.. (F'ield

capaci ty = 247"). The 'initial inoculum level (Po) was Log 7.
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D. The influence of soil moisture and temperature on the persistence
of P. áo¿anacanrurm

Changes in popuìations of P, áolanctc-eattumu biovar 2 and 3, with

time were monitored in artificialìy infested Urrbrae soil. Strains 025

(biovar 2) and 170 (biovar 3), potato and tomato jsolates respect'ive1y,

were used to inoculate so'ils in plast'ic contajners (12 cm diameter x 12

cm deep) at an inoculum density of 107 celìs per g oven-dry so'il" Sojl

moisture (1002 field capacity = 247" moisture content) rvas adjusted to

1 5-25, 4C-50, and 90-1 002 fi el d capaci tyand was mai nta'i ned at

approxÍrnat,ely the same level by constantìy weighìng the soil and adding

st,erile distilled water when necessary. The inoculated soil samp'les wene

kept in growth cab'inets set at 20oC t 3, and at 30oC t 2.

Bacterial popuìatjons in the soiI were determined during the first,
second, third and fourth day after inoculation, and every 14 days

thereafter. The procedure of measuring bacten'ial numbers in soil and the

selective media used were sìmilar to those described in a previous

experi ment.

The experimental design was a random'ized compìete block with 12-

treatment combinations (2 strains x 2 temperat,ure x 3 moisture leveìs)

and three repìicatÍons.

Figure 25 shows that populations of P. ¿olanac-¿anum

sharp'ly with increase in temperature, and with decrease

moisture. In general, the biovar 3 strain survived longer

density decljned at a lower rate tlian the biovar 2 strain. At

at field capacity, the biovar 2 strain survived for a period

dec reased

in soil

and its

20oC and

of about
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Figure 25 Popu'lat'ion density trends of P, ¿oln¡¿c¿cza'zutn in soils at 20oC

(A), 30oC (B), and at soil moisture of 257. ( a ), 502

( r ), and 100U ( E ) of field capacity. Soil moisture

content at fie'ld capacity was 242,
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24-weeks whereas the biovar 3 stra'in was still detectable in soil

djlut'ions of 10-1 - rc-Z 28-weeks after inoculation (populat,ions of the

pathogen were not monitored after that date). IrJìth the same moistune

level but, at 30oC, the biovar 3 sLrain persisted in the sojI l2-weeks

longer than the ot,her stra'in, which indicates that bjovar 3 ís adpated

to a wider range of env'inonmental conditions. The persistence of both

pathogens in s'imilar cond"itions was jnvestigated further.

t The role of presumed non-host crops on the survÍval of.?.
¿oÍnnaceanum in soil

The experiment was conducted to investigate the role of ct'ops,

generaì ìy used i n crop rotation, i n mai ntai ni ng hì gh popu'l at'ions of the

pathogen; the Ímpììcation of presumed non-host crops on survival of the

pathogen was reported (Granada and Seque'ira, 1981).

Seeds of corn (Zect mag,s L.), soybeans (Vigna ,:inøu.t-d L.) ; and

stem cuttings of potato (Solantun fttLeLzo¿¿tm) and sweet potato (€ponoio

I'tt-t-el!Á . (1. ) Lam. ) were planted in vermicul ite and when the

seedlings/cuttings were almost ready for transp'lanting, a previous'ly air
dried Urrbrae loam soil was prepared. Plastic bags were each filled with

four ki'lograms of soil and suspensions of a 48-hour culture of ?,

.5o-¿.a.naczuL¿rm were mixed with the soil. Strains 170, and 0235 were used

at an inoculum dens'ity of 2 x 105 celìs per g oven dry soil. h,lith a

gypsum block soil moisture meter (ENVIRONDATA, Queensland. Austra'l.ia),

the mo'isture tension of the soil was adjusted to 5-5.5 bars (moÍst soil

conditÍon) and was maintained during the experiment by reguiating the

amount of water added. Three seedlings/cutt'ings were transpìanted into

each pot with inoculated sojl and grown in the glasshouse at 32oC. The

l

,.,1 , ', ,
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F

population of the pathogen was monitored every 28-days us'ing a modified

GS-mecJ'ium descri bed i n prevÍom u*p".iments,

The population of P, ¿o!.anacea'ztun rema'ined constantly hìgh t'n soils

p'lanted with potatoes, whereas the bacterium vras not detected .in soil

without plants at 56 days after inoculation (Tab'te iB). Eighty four days

after soil inoculation/plantìng, the pathogen was detected in soil with

sweet potato, potato, or soybean, and was not detected in the other

treatments by the modified selective-med'ium. The b'iovar 3 strain

persisted longer than the biovar 2 strain,

Influence of
potatoes

ílaAoidoggnz. jaranic-a on bacterial wi lt of Exton

As nematodes, partjcularl y tleloi-d.ogane spp., have been shown to

enhance bacterìal wÍIt of potatoes (Jatala et al. . 1916; Jatala ano'

Martìn, 1917 ; Tschanz, 1978 ; Mai et al., 1981), the influence of

f'leLoirloggnz. jauaniea on bacterial wi I t of potatoes was i nvestigated.

Strain C605 of P, ¿olnnnc-p-anun was used at an inoculum density of 1o?,

104' and 107 cfu per g oven dry soil. Each 3 kg soil was inoculated,

mixed in a plastic bag, and pìaced in 15 cm diameter p'lastic pots.

lvle-(.oidoggnz jctuanica was extracted from the roots of tomato plants

previously inoculat,ed and grov/n in the glasshouse. Roots were cut into

1-? cm pieces and placed in a funnel with sta'inless steel mesh. The

funnels were then pìaced under the spray in a mist clramber, each

draining into a test tube. Nematodes collected the following day were

discarded, and those collect,ed durÍng subsequent, days were used to
'infest the soil. Soil per pot was'inoculated by pouring 20 ml suspension

containing 650, 600, and i,300 nenratode lanvae at planting, 3 days and 6
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Population changes of P, ¿olnnoc¿at¿un in soils wìth

dìfferent plants.

Loe10 cfu/e oven dry soÍ1 (days after pìanting)

Plant Biovarl
28 56 84

None

Potato

Corn

Sweet potato

Soybean

2.954
3.300

4.477
5.176

5.176
5.204

2
3

2
3

2
3

2
3

?
3

3.000
3.397

3.778
4.151

3.00
4.698

4.300
4.439

3.954

2.477

5.505
5.431

3.00
3.653

5. 579

Biovar2=strain025

Biovar3=strain0i70

- = P, ¿o!.anaczatzum was not recovered using the modjfied GS-

medium at 10-1 dilution.
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days after planting,

were maintained in

occurrence of wi I t,

recorded.

respective'ly. The potato plants (12 replicates)

a g'l asshouse at 30oC, observed dai ly for the

and t,he percentage of leaves that wilted were

with avirulent

The result, presented jn Table 19, shows that the nematode did not

accelerate initial wí1tìng at bacterÍal inoculum densities of rcz and

107 cf u/e oven dry soi I . At 104, the f j rst p'lant to shol wi 'lti ng was

observed in treatnrents with nematodes. The nematode apparently

accel erated severì ty of wi I ti ng at thi s parti cul ar bact,eri al

concentration. The severity of wilting was enhanced by the nematode.

/,.;' '

G. Protection of potato pìants fro¡n bacterial wilt
bacteriocin-producing strains of 2.,5o!.anne-Êo.a.um

:,t l-'

Bacterioc'in-producing strains of P. ¿olnnaczazum were selected from

those in Experiment-A based on the diameter of inhibitjon zones on

stnai n C605. Strai ns 6748, j 31 , QT, and ,l70 
r,rere cul tured i n gl ucose-

proteose'peptone-yeast extract broth at 25oc for s to i0 days, streaked

on TZC piates and uncubated at 30oC fon 48-hours (Kelman and Hruscþka,

1973). The procedure was repeated until single colonies of avjrulent

bacterÍocin-produc'ing strains (ABPS) were isolated. The isolates were

test,ed for pathogenec'ity by'inoculatjng tomato p'lants (Var. Rutgers). If
avirulent, the st,rains were retested in vitro against strain C605 to

confirm bacteriocinogenic activity.

Seed-tubers were dipped for l-hr in suspensjons of ABps at 109

cfu/ml, and planted in pots contain'ing R.C. soil prev'iously inoculat,ed

with Strain C605 at, 5 x 107 cfu/e oven dry soil; ABpS-treated seeds
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Table 19 : Average days when initial wi'lting was observed on plants

grown in soil with and without (le-!.oi-doggnz jouan)ca.

INOCULUM
DENSITY

cfu/g soi I

DAYS AFTER PLANTING

of ?. ¿olmoez.at¿um + NEMATODE - NEMATODE

rcz

104

n7

51.3 (36.3) 28.0 ( 11.2)

37.4 (78.0)

18.0 (55.6)

2e.6 (88.8)

1B.o (88.e)

Values in parenthesis are the mean percentage of leaves

wilted. Data was not statistical'ly ánalyzed because a number

p'lants at 'inoculum density of lO2 ¿id not wilt.
,! ,.'t,,1'

'' 'l "'lt' 
/

¡ L- !'

that.

of

. /,,!
'.r'! ''
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pìanted in R.c" soil rvìthout the pathogen served as cont,rols. The

treatments were repìicated six times, each replicate consistÍng of 4

plant,s (4 plants per pot). The plants were maintajned in a growth

chamber at 25-27oC, and were observed daily for the appearance of wilt
symptoms.

The result of the experitnent shov¡s that, the ABPS did not protect

the plants from bacterial wilt (Table 20). All the ABPS-treated seedsn

pianted in infested so'il, produced plants that wilted 26 days afler
plant'ing, whereas those in uninfested soil (-C605) remained healthy.

IiI. Discussion and conclus.ion

Twenty 'isolates of P¿eurlomowt4 .5olattace-azum, representìng a range

of origin within Austral ia, and belonging to biovars 2,3 and 4, were

tested for bacterioc'in production. The biovar 3 isolates seem to produce

bacteriocins that selectively inhibit biovars 2 and 4 isolates. However,

strain 0234, originalìy jsolated and classifjed by Lloyd (University of

New Engìand, Australia) as biovar 2 was not affected; instead'it shorved

inhibiting properties sim'ilar 1,o those of a b'iovar 3 stra'in. Bjochem'ica1

tests (Hayward, 1964) v/ere carried out and results suggest that the

strain should have been classified as type-3, because both

dissacharides and hexose alcohols were oxidized. Thus, all the type-3

isolates are considered bacteriocìn producers and 'inhibit either a

b'iovar 2 or a bf ovar 4 straÍn. The result of t,he experiment seems to

support the suggestion of Cuppe'ls .g!__g.1. (197S) that bacteriocjns

produced by P, '5olanocea,zum could be useful in the development of a

bacteriocin-typirrg scheme for the same bacterium.
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A sel ecti ve medi um appears to be i ndi spensabl e when deal 'ing v¡i th

the ecology of P. ¿olanace.a'zu¡n part'icularly the soiì borne phase of the

pathogen's life cycle. The three media evaluated are .very effective for
reducing contaminating soil bacteria and fungi but such media must be

tested usi ng tr opi cal soi I s wherei n organ'i sms are usual 1y abundant and

diverse. Furthermore, prior testing of strains for susceptibìf ity to the

antibiotìc components of such media ìs nequ'ired as some straìns may be

suscept'ib'le. For instance, the selective mecl'ium developed by Granada and

Sequeira ('1983) had to be modified by eliminating thiomersal,' an

antibiotic component of the med'ium, because it inhibited the growth of

all the strains used in this project. The modifiecl medium can-, ".;;";;
the patlrogen from the soÍ I but 'élur'rn'ot totaì'ly el im'inate other soi I

bacteria part'icuìar1y 'in soil dilutions of 10-1. Nevertheless, by

incorporating a bacteriocin-sensitive strain of ?, óo!.anaceaztun,

colonies of the'patliogen, whjch form inhibition zones around them, can

be distingu'ished from those of other soil bacteria. Though zones of

inhjb'ition also occur as a result of the action of soil antagonistic

bacteria,, such as those from the soil amencled with manure, they can

easily be d'istìngu'ished. These techniques cou'ld probably be used to find

out whether the non-v'i rul ent, butyrous mutants, whi ch usual 'ly deve'lop i n

culture media, can persist 'in the soil and have the potent'ial to revert

to the virulent, fluidal form especially when a host plant is present.

Knowledge of t,he ecology of 2, ¿olnnc¿czct'zam particularly the soÍl-
borne phase of the pathogens life history is lacking probably because

adequate techniques have not been available to monitor the bacterium in

the soi l. Holever, experimental results indicate that techniques

(se'lective media) recently developed can be used with good or excellent

results. Two such media have been sat,isfactori'ly used to investigate the
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influence of soil moisture and temperature, non-host p'lants, and organic

matter amendment on the pers'istence of P, âolanaceat¿t¿m in artificaììy
infested soil. Hìgh sojl mojsture and 1ow temperatureu and presence of

presumed non-host plants appear to favour long term survìval of the

bacterium in the soiln wlrereas organic matter (fowl manure) added to

infested soil seems to have an erad'icating effect on t,he pathogen.

Although the biovar 3 (Race 1) isolate survived longer and was more

tolerant of des'iccation than the biovar 2 (Race 3) isolate, the ability
of both types to survive for 190 days, or longer jn soil devoid of host-

p'lant debris but with high moisture content and at low tempenature

suggests that P, áo!.ot¿ace.a'zum can persist in deep so'i'l ìayers where

those condjtions are 'likely to occur. Mccarter et al. (.l969)

investigated the ventical distribution of ?, ¿olnnc¿ce.at¿um in sevenal

soil layers, and found that a high'infestat'ion of the pathogen occurred

in the top 30 cm, and a low infestat'ion at deeper levols (60-75 cm).

Moreover, he suggested that the absence of the bacterium in the top 15

cm of one soil was due to the dryness of the soil. The results obtajned

'in this project seem to support his findìngs.

Granada and Sequeira (1981) found that corn, sorghum, bean, peas

and soybean pl anted i n soi 'l i nf ested wi th P. Áo!.atracea.,zun, became

infected but rema'ined symptomless. Moreover, they have recovered the

pathogen ( Race-1 ) from the roots of such pl ants, whereas I

unsuccessfu'l'ly attempted to do the same from roots of corn, soybean, and

sweet potato which were planted in pots containing so'il with a Race-1.

Nevertheless, my experimental results indicated that the pathogen can

persist longer in the soil when those plants are present, and seems to

support the fjndìngs of Jackson and Gonzales (1981) that such crops do
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not reduce incidence of bacterial w'ilt when p1anted in rotation with

potatoes.

The high microbial a.ctivìty and presence of antagonistic organisms

in the soil amended wíth fowl manure probably caused the fast declìne of

the pathogenrs population, Suppression of pìant pathogens w'ith organic

amendments have been at,'bempted by a number of workers as indicated in

sections of books and other pub'licat'ions such as those of Bal<er and Cook

(1974), Pacav'isas (1974) and of Cool< and Baker (1983)" l"he effect of

adding fowl manure to infested soil on the incidence of bacterial w'ilt

is worth invest'igating. Futhermore, the addition of copìous quantìtìes

of organic matter has been shown to increase the population of Dact-gL!.a

ouipana'ülica, a nematode trapping fungus, and of Baci-lAt¿ pe..tt-e.Í.4c¿n¿t a

hyperparasite of nematodes (Corke and Rishbeth, 198i ), S'ince the

development of. bacterial wilt on potatoes is enhanced by lIel-oicloggrtz.

Ápp, (Mai et al., i9B1), the effect of organ'ic matter amendments on

inc'idence of bacterial wjlt in fjelds where both pathogens are present

is also worth investigating.

Interactions of (leLoi-d.oggne. )ncogn)La, l,l, incogruifui auü-t.a and P.

¿olanace.a.,?.um on potatoes were investigated by Jatala and Martin (1977).

They found that these pathogens markedly interact, and that wilt-
resistant cultivars can become susceptible wherr attacked by these

nematodes. The result obtained in this project suggests that in soils

infested with 2, ¿o!.at¿ac¿anun and l'îeLoi-d.oggnz- jauonico, wilt symptoms on

potatoes are enhanced though in'itial w'iìting is not accelerated.

However, further studies need to be done particularly on'inoculum levels

of both pathogen, potato cultivar, and temperature interactions.

Moreover, the interactions among strain, potato cultivar (c1one) and

Ltr
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environment are little studied, hence requ'ine further investigation.

Such studìes should prove useful especially in breeding for resistance

to both pathogens

From the results obtained in this project, it seems unljkely that

avirulent bacterioc'in-producìng strains (ABPS) of ?. ¿olanctceatt¿tm can be

used to control bacterial wilt of potatoes. Because not one of the four

ABPS tested delayed rvi'lting, itispossìblethatthe ABPS did not

colon'ize, hence did not protect the grow'ing roots of the potato plants.

Thus, to be effect'ive, ABPS must multiply profuseìy, and should be able

to colonize the root system of potatoes, Moreover, the AtsPS must attach

to root infection sites and produce bacteriocins that will kill the

pathogen. In the 'interim proBress report of the International Potat,o

Centre (1983), it was stated that under growth-room conditions,

treat,ment v¡ith ABPS caused a significant reduct,ion in disease sevenity,

and the same treatement under 91 as shou se cond'í ti ons cle'l ayed symptom

expression. In this experiment, seed pieces were d'ipped in bacterial

suspension, planted in pots, and one month later, the plants were

chal lenged by pouring a bacterial suspension on the soi l, thereby

probably accounting for the delay of symptom expression. As indicated

previous'ly, our method involved dipping seed tubers in a suspension of

ABPS and p'lant'ing them in soi ìs prev'ious'ly 'inoculated with the pathogen

to simulate field condition. It is believed that many studies must be

conducted before ABPS can be considered as/'biologica'l control agents for
I

bacteri al wi I t of potatoes. /t'

\/'í
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CHAPTER 6

GENEP.AL DISCUSSION

' - (c-l

Several aspects of potato disease research las been dealt with in

this project. The survey and diagnost'ic work vrere considered an

import,ant first step because by studying the relationships between

env'ironmental factors and crop health, tflu nií¡å" determinant,s of disease

can be identified (l¡Jallace, 1978). A number of experiments were also

conducted principally to confirm reports from other count,ries, where t,he

climate d1ffer from that of South Austraìia, to point, out whìch problems

need to be 'investigated further, and to contribute to knowiedge on

potato djseases and their control.

The survey conducted in 1981-84 revealed that climatic conditions

have a profound influence on the occurrence and severity of diseases on

potatoes such as l eaf rol l ( PLRV ), earl y b1 -ight (A, zo!ru>L) o and

bacteri al wi I t (P, 'tolanaceantn). For i nstance, owi ng to the mi I d

winters, aphids are abundant early ìn the growìng season hence PLRV is

w'idespread in Sout,h Austr alia. 0n the other hand, as most rap'id progress

of early blight occurs during periods of ajternating wet and dry v¡eather

(lrleingartner, 198]), the disease seems to be prevalent during the earìy

and towards the end of the cropping season when rainfall genera'lly

occur. The dry weather and high, desiccatìng temperatures probably

account, for the absence of late blight (2. irl/p-áLan¿), and the limited

occurrence of P, ¿olanace.a,,zum inSouthAustralìa. Asaresultof the

surveyr the import,ance of potato disease in potato production in South

Australia has become knovrn particularly to the growersr and a potato

disease booklet has been published.
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The results of experiments on potato leafroll v'irus indicat,e that

the d'isease can spread quÍck1y, is satisfactorily controlled with a

combination of granular insecticides and insectic'ide sprays and can

substantìal'ly reduce yie1d" As some granuìar insecticides are highìy

toxic, however, they couìd probably be used to control leafrolì only in

seed-potat,o crops. The discrepancies between the results obtained and

those pubf ished elsewhere indjcate the need to adapt measures app'l'icable

to certain conditions or areas. Moreover, since insect,ìcide appìicatjon

would certainly. affect the popu'lat'ion of aphìcl-predators, other nleans of

control, such as resistant cultívars or cìones, must be considered. The

assessments made on yìeld loss due to 'leafroì1, and yield loss data

g'iven by other workers suggest that the amount of loss due to the

disease can vary depending on cultivars? climatic condition, and strajn

of the vÍrus. Thus, to develop econom'ica ll control measures, whether by

breeding resistant cultivars or using 'insect,icides, dÍsease-loss

appraisa'l is believed to be an essential step.

In South Australia, losses due'to potato leafroll virus coulcl be

avoided if growers used certified seed from Victoria each year and

avo'ided the practice of saving seed from a previous year for p'lanting in

a current year.

The method used to induce sporulation of A, ¿o!.oni rnay be useful

because it is comparatively simpler than most other techniques used so

far. Holever, the method is probably suitabje on'ly for ,4, ¿o!.ani since

it was not tested on ot,her species of Alternaria. Nevertheless, the

technique shouìd prove useful for obtain'ing abundant spores with similar

age rvhich can be used to inoculate potato plants to be evaluated for

early b'light resistance" Fungicides, though effective, are sometìmes
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costly and uneconomjcal,'' to use for the control of the disease. Hence,

the use of tolerant cultivars should be considered as an alternative.

Little is knoln about resistance to,4. ¿olttnl but CIP scientists believe

t,hat efforts to identify ancl utilize resjstance will be necessary to

control the disease in many countries where it is a problem (Thurston,

1980). It has been observed that the cultivar Tasman, bred in 1962 by

the Tasmanjan Departrnent of Agricu'lture from a cross between (Duke of

York x B Co/a) and (Crana x 11-79), seìected by the Department of

Agricu'lture, Victoria, is more tolerant to early bììght t,han any of.the

other cultivars presently grown in Australia.

Bacterial wi lt caused by P, /;olttrLaczorum is probably the most

destructive bacterial disease of pot,atoes. Fon instance, the most recent

outbreak of the disease ìn South Australia, which was attributed to the

use of cont,aminated seeds imported from othen States, caused about, 507,

incidence in one form. The experimental results seem to support the

belief that the bacterium cannot persist for so ìong in South Australian

soil because of the dry vreather ancl high desiccating temperatures that

often prevaiì during the summers months. Because the pathogen can

apparently persist in moist, cool soil devoid of host pìant debris, the

use of res'istant, potatoes seems to be the most pract'ical method of

controll'ing the disease. About 17 potato clones have been tested in a

number of countries and found to be resistant (InternatÍonal Potato

Center, 1983). It appears that more'investigations on the ecology of the

pathogen are required to provide informatio($tnat aià relevant to the

breeding programme of developed countries, such as Australia, and to the

developing countries in the tropìcs where the disease is a major

probì ern.
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Final'ly, it is hoped that the suggestions and questions raised

during the conduct of th'is project will be cons'idered for further study.
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APPENDICES

Appendix 1

Culture media

V-8 JUICT AGAR (Fliller, 1955)

V-8 juice
CaC03
Agar
Disti I led water

3.0
20.0

200

800

ml
g
oÞ
ml

Prune Agar (T6'lboys, 1960) : Sel ecti ve med'ium for Verti c j I I i um spp.

Prune extract
l-actose
Yeast extract (Difco)
Agar
Disti I led water

PH = 5.8 - 6.0

Crystaì Violet Pectate Medium (Cuppels and Kelman, 1974) : SeÏective
medium for pectoìytic Erminia.

Crystal Violet (0.0757,)
Na0H (IM)
CaCl2. 2HZ0 (107.)
NaN03
Agar
Sodium polypectate
Sodium lauryl sulphate (107")

I1 m

g
oò
g

m

00
5
1

30
009 I

1ml
4.5 m]

3ml
1g
2g
9e

0.5 ml
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'lLC Agar (Kelman, 1954) : General growth and isolation medium for
P, ¿olanaceat¿u,¡n

s/l'it
Peptone
Casein hydrolysate (Difco)
Gl ucose
Agar

Tetrazolium chloride is added as I ml of a filter - sterilized 0.57.
solution per 100 ml of molten (60oC) medium.

Selective medjum for 2. ¿o!.onace.at¿raz (Nesm'ith and Jenkins, 1979).

Final concentration per
I i tre of nredi um

10
1.0
5.0

15.0

K2HP04
KH2P04
( NHa ) 2s0
MgS04.7ll
MnS04. H2
ZnS04.7H
Ferrìc c

plus C

4
20
0

18 e
44e
3?e
2e
5mg
6mg
omg
9mg

1

0
1

0
1

1

3
1

20itrate (FeC6H507. 5H20)
itric Acid

)
)

Final concentration
( PPM)

Penicillin G

Tyrothric'in
Chl oromyceti n

2,3,5 Trìphenyl
Tetrazol i um Chl ori de

Polymyxin B

Vancomyc'in
Baci traci n

Benomyl (50tl.J)
Chloroneb (Tersan SP 65t^l
Cycl ohex'imì de (Act'id i one
Pentach I oron i trobenzene
(Terrac'lor 75tl)

Pirnaricin
Di chl oran ( Botran 751,,1)

1.0
20
5.0

500
100

10
50

500
100

50

30
20
001



Final Concentration
(G)

per ì'itre of medium

Dextrose'
Peptone
Yeast, txtract
Casamino Acids
Agar

Stocks of chemicals and antimicrobjìa compounds are not used after

4.0
10. 0
1.0
1.0

18. 0

130

riate amounts of each
he other i ngredients

90 days. The basla medium is made by adding appro
stock salt solution of boiììng deìonized water.
are added to the basal rnedium.

p

T

Sem'i-select'ive medium for P, ¿oktna cearum (Chen and tchandi, 19BZ).

Chl oramphen'icol
PCNB

G/l it
10. 0
37.5

The antimicrobial compounds are added lo TZC agar. A 1.57. water
agar (45oC) 'is poured on seeded pìates and aftqr 24-28 hr incubation. A
4 ml of melted 0,72 water agar containing 10/ cfu/ml of bacteriocin-
sensitive stra'in is poured over the agar surface of plates. Plates are
incubated on additionai 24 hr at 30oC,

Selective medjunr for 2, ¿olc¿nacea'zrzz (Granada and Sequeira, i9B3).

mg. per litre
Cryst,a'l Vi ol et
Th'i ornersal
Po'lymyxì n B

Tyrothri c i n
Ch'loromyceti n

The antimjcrobial compounds are sterilized in 707, ethanol (1 ml),
diluted to desired concentrat'ion, and stored at 4oC. Crystal violet is
st,erilized for 7 min at 121oC. Thiomersal is added without treatment.
fZC agar is used as basal medium and each antimicrobial compound is
added just before dispens'ing the med'ium.

0
.0
.0
0

50
5.
00
20
5.

1
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Appendix 2

Test Plants

Nicot)ana La!,acann (white bunl ey)
NicoÍ)ana g!.u.t)no,sa L.
lVÌcot)ana nu.:t)ca L.
Çonphzettn g!.ol-o.sa L.

fr::;nffii"),:*"t"otan coste et Reyn
Chznopoúùn qúnoø L.
Pha ¿a-(i¿ /-(.ott-Í"dnna Ryd b.
Ph¡¿¿zoLu uo!.gon-i-s L.
Da.ùuta ¿Í-zanon)tm L.
Lgcope.n'sieon e.4ot¿t¿nlun ltii11 var. Rutgers
Capd e.!-{.a Au'z,s a- pazLo n-i¿
Solcuwn Íu!-et¿o¿um
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Appendix 3

Anti sera

ELISA TESTS - KITS (0cdia Inc. Ind. U.S.A.) for PVY and PLRV

Antisera for PLRV and BI^IYV were supp'lied by Agriculture Canada. Research
Station, Vancouver, B.C.

PVX Wai teantisera were supplied by the Department of Plant Pathology,
Agricultural Research Institute, South Australia.

PVS antisera vi/ere supplied by the plant Research Instit,ute, Burnley,
Victoria, Austral ia.
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Appendix 4

R,C. Soil

Per 0.5 M3 of soil

Peatmoss
Blood meal
Potassium Sulfate
Superphosphate
Ground Limestone

¡q3

gm

gm

gm

gm

0.1
500
204
100
200

The soil consists of decomposed plant materìals and
prev'ious experiments, sterilized at 100oC for 45 minutes
quickly cooled before adding the other ingredients.

soi I
and

from
then
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Appendix 5

Mineral oils and their characterÍstics

Mobil oil stock No. 146 (Sample 1)

- Highest grade of fi ni shed m'ineral oi I

- Viscosity 'in Soybolt Universal Seconds (SUS)
at 100oF = 100

- Viscosity in centistokes (cSt) at 40o = 20

- Turbine grade, hydrogen treated to saturate
ol ef i nes and 'improve oxi dati on stab'i 1 i ty

Mob'il oil stock No. ?36 (Sample 2)

- Viscosity 'in SUS = 300

- Viscosity 'in cSt = 55

- Automot'ive grade of mi neral oi I , vaccum
. di st, j l l ed f rom crude o'i l , aromati cs removed

by extraction with furfurai and then wax
removed by selective solvent dervaxing using
50/50 Methyl Ethyl Ketone/Tol uene.

Mobil oil stock No. 302.5 (Sample 3)

- Heavier grade for automative use.

- Viscosity in cSt = 130

Gol den Fl eece 0i I Samp'les
Summer-spray-o'i I ( SS0)

- ViscosÍty 'in SU

- Unsolfunated Re ue
S

sid
=70
=90

Lovis-spray-oil (LSO)

- Viscosity = 60
- Unsulfunated Resiude = 90

Both oils are commercialìy used in citrus orchards for the control of
spider mites.
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Appendix 6

Relative Crov¡ding Coefficient
(De t¡Jit, 1960)

Mean 'ield per plant of
in mixture

v
I

Rel atì ve Crowd'ing

Coefficient, of I

with J

Mean ield per plant of
in mixture

v
J

Mean yiejd of I 'Ín pure
stand

Mean yield of J in pure
stand
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Appendix 7

Frequency Table
( B'l odgett, 1 941 )

Est'imated percentage of plants in a field situated like the centnal
plant in the various classes for fie'lds with different percentage
of disease.,

Di sease
in the

Field (Z)
HHH DHD DDD HDHHHD

DHH

HDD

DDH

0

20

40

60

BO

100

100

51.2

?1.6

6.4

0.8

3.2

9.6

14.4

12.8

25.6

28. B

19.2

6.4

0.8

6.4

21.6

5'1.2

100

12.8

14.4

9.6

3.2

6.4

19.2

28. B

25.6
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Appendix I

A cornparison of the virus transmf ssiol¡ inhibit.ing py'operties of SS0 and
LSO.

Treatment
Number of P

I nfected
(7")

Number of
Local Lesion2

antsI
1

Trial I Trial II Trial I Trial II

Contnol 66.6

20.4

47.3

79.2

21.9

36.6

180

2C

29

78

i5

7SSO

LSO

1 Phg,5a!-i.5 /-(.on-idnna plants with rvel I developed cotyledons were
'inoculated with PVY with the aid of 4 aphids (l'lgzu-ô pe-n:icaz)
which had previously fasted for two hours. The plants were
previously sprayed with oi l, or water (control ), at a
concentration of 0"27,.

2 . Cl*nopod)um gainoo- plants were sprayed wi lh 0.27" oil, dusted
with carborondum powder, and then mechanjcally inoculated with
PVY. Mean value of ten leaves per treatment.
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Appendix 9

Characteristics of a red bro'a'n Urrbrae loam soil

pH

Total C

Total N

Total P

Cl ay

silt
Fi nd sand

Coarse sancj

5.4

1.487"

0.157,

3'16 ppm

19.42

31.37"

43.87.

2.07"
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PÏate I :

Appendix I0

a, Potato virus S

b. Gel-djffusjon in agar, PVS antiserum in the centre well and
i nfected sap i n t,he top wel 'ls.

c. Pur ple top vril t
d. Phoma'leaf spot, showing synrptoms sirnilar to ear'ry blight

e. Pink rot caused by Phgtoph-tJtoza cttupLoga-a (f).
g' stem rot'showÌng mycelia and sclerotia of sct-en.oÍ)un

nolþi)
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Plate 2 :

a. Red Pont,iac potatoes severely infected by Phono ¿p,r and
pycnidia releasìng spores (b).

c. A-lLet¿na't-ia a-(le-'znaia, and. con)dia (d).

z, Lzok cau¿ed 4g Pythium jlrerol_e_re, and fruiting bodìes of
the fungus (f).

g. St,enrphyl I j um leaf spot,
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Plate 3 :

I
-r/

a. Potato crop severely infected by a disease tentatively
identified as tomato big bud (aster yelìows).

b. A c'loseup of infected plant showing en'larged leaf nodes
and aenial tubers.

c. Severe mosaic caused by potato virus X.

d. PVX particles from a leaf d'ip preparation.

e. Alfalfa mosaic virus.

f. Tubers showing symptoms of potato spind'le tuber viroid
infection but was not proven.
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Plate 4 :

a Brown rot or bacteri al wi I t caused b
ào!.onaceattutn, showi ng bacteri al ooze i n
ti ssue.

v P¿¿ud.onor¿a¿
the vascul ar

b. Potat,o I eaf rol I vi rus.

c Physaìis florjdana plants, inoculated with PLRV
and healthv (rieht).

( left)

d. Potato virus Y.

e underside of PVY'infected leaf showirrg veinaì necrosis.

Tomato spotted rvi I t vi rus showi ng chäracteri sti c
symptom.

f
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Plate 5 :

a.

b

c

d.

Ear'ly blÍght caused by Ælie'znan-Ín ¿o.to¡t-L showing the
charactersitic ring or target appearance of the lesion.

Stem rot caused by Scle.,zoÍ)niø ze-!.e-zof,)onun, with
scl eroti a.

Blight caused by DoþryLi-t c)nen-e.a.

Tubers showing the black scJeroti a of R/z-izoeLonia ¿olanl
on the surface (black scunf).

Si lver scurf of potatoes caused
¿olani.

by l{e-¿¡TLirlthozporzlume.
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PTate 6 :

a

b.

c.

d

Powdery scab caused by Spongozpo/La ,iLllLtuuLatlea.

Stem rot due to infection of illzizocfoni-a ¿o.Lani.

Verti c'i I I j um wi 1t (VuLüci[-l)¿n¿ dcth!)ae).

Gangrene on stored potatoes caused by Phona foue.afa.

Tuber ro'b on stored potatoes caused by Bot-,tgLü c)¡tp,¿p-a..e
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Plate 7 :

a

b.

c

ô

f

d

Dry rot on stored potatoes due to Fu¿a,ziun O/n Orrr*r."

Pitt,ed type of common scab (St:zz¡zLomace.4 
^!.n-o¡.

fg.is-e{. pustuìes on tubers caused by root, unoy/ nematode
(ttle-toirloggne. áp. ). /

Defonmed tubers of the cultivar tred pontiact
infection by Rhi-z.ocLoruio ¿olon).

due to

Black ìeg of pot,atoes caused by €_nwnio alrzocepÍ)e-a.

Tubers showing nematode injury which 'leaÁ"to tuber rot.
t,
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Plate I :

a

b

c

d.

e

Leaf show'ing mosaic and distortion, vjrus?

Leaf showing veinal chlorisjs.

Leaf blight suspected to be a bacterjal d-isease"

Veinal necrosis on the underside of the leaf which
suspected to be PVY.

tDimpìe endst, perhaps caused by a vi rus, or
physiologicaì disorder.

v/as

a





Appendix added in response to the advice and criticisn of an external examiner

The Objectives of the Research progranme

The project rvas conducted initially to determine what diseases

occurred in the potato crops of South Australia, to identify the pathogens

associated with those diseases and to define tl,uo or three aspects which could

be studied in depth.

South Australia has a dry Mediterranean type of climate with nild
winters and warm to hot sunmers with high light intensity. The prevailì.ng

weather conditions during the main cropping season (November to March) are

generallywarmand dry (Fig. 1). rt is only duri_ng the spring, autumn and

early part of winter that potato crops are exposed to short periods of cool

wet weather. As weather is known to have a profeu¡d influence on disease

development, it was considered likely that most potato diseases, particularly
those caused by fungi and bacteria, would not be found in the commercial

potato-producing areas of South Australia. 0n the other hand, it seemed

likely that diseases caused by aphid-borne viruses were more widespread in

S.A. because mild winters favoured the prevalence of aphids early in the

cropping season.

To test these hypotheses it was decided to conduct surveys and

experinents on three diseases and their associated pathogens: potato leaf
ro11 and potato leaf ro11 virus, early blight and Alternaria solani,

bacterial wilt and Pseudomonas solanacearum.

A further objective involving the three diseases and thei:: associated

pathogens was to explore the possibility of control. Thus, for pLRV, the

possibility of inhibiting transnission and spread of the virus by aphids

throûgh the a-pplication of mineral oils to potato plants was thought to be

a useful approach. For early btight, it was decided that a study of the
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influence of fungicides would be worthwhile and for bacterial wilt,

recent successes with avirulent bacteriocin-producing strains of bacterial

pathogens, prompted a study of such strains of P. solanacearum and their

protective qualities.

In summary then, the objectives of this research project brere to

survey and identify the major dj.seases and their causal pathogens in

potato crops in South Australia, to test the hypothesis that weather is a

major determinant of the development of disease in potatoes in S.A. and

to contribute to knowledge of how the three pathogens selected for study

night be controlled.
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The Influence of Weather

The high yield loss of 66% measured in the field supports the

hypothesis that potato leaf ro11 is probably the most serious disease of

potatoes in South Australia. Experiments in the field from November to

February confirned that populations of the aphid, Myzus pefsicae, were high at

that tine and were associated with a high incidence of the disease, potato

leaf roll in the potato crop.

The hypothesis that the disease 'ear1y blightr caused by Alternaria

solani does not increase in South Australia because of the inhibitory effect

of climate during the nain polato growing season, was tested by experiments on

the influence of environmental factors on the sporulation of A. solani. It
was found that the optimum ternperature for sporulation was 15oC and was

narkedly inhibited above 20"C. Furthermore the requJ-rement for darkness or

low light intensity to induce sporulation is additional evidence that the

high tenperatures and light int.ensities in South Australia from December to

February probabty inhibit the development of A. solani and hence reduce the

severity of rearly blightt.

The sporadic and rare occurïence of bacterial wilt caused by

Pseudomonas solanacearun is attributed, once again, to the hot dry conditions

in S.A. during the potato growing season. To test this hypothesis it was

decided to study the interaction between soil noisture and tenperature and

the effect of organic natter on the survival of the bacteriun in soil.
The results showed unequivocaJJ,y that populations decreased as temperatuïe

increased and soil moisture decreased. It was concluded that high soil
noisture and low temperatures favoured Survival; such environmental charac-

teristics do not occur in S.A. soi1s.
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In summary, it is likely that in South Australia, the prevalence

and eeonomic importance of diseases and their associated pathogens may be

closely related to clinate. Potato leaf ro11, its causative virus and the

aphid vector represent the group that can tolerate the harsh conditions in

South Australia whereas the less tolerant pathogens such as A. solani and

P . solanacearum represent the other gt:oup.
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Control

An inportant objective in the research project was to explore the

possibility of controlling the three pathogens. This was considered to be

a worthwhile objective as each pathogen required a different approach.

With potato leaf ro11, the virus causing the disease could be controlled

through control of its aphid vector; with early blight, chemical control

with fungicides seemed appropriate; with bacterial wi1t, biological control

using avj-rulent strains seemed an interesting possibility.

Potato leaf ro11 has received little attention in Australia

although it is considered to be a serious disease. Its seriousness was

confirrned by the yield loss assessments in this study. The use of oil

sprays to control the disease required studies on the most suitable potato

cv for experimentation, the phytotoxic effect of oi1 sprays, the choice cf
'oils and the management of aphids under experimental conditions. Results

of experinrents failed to indicate that oit sprays were effective against

PLRV and furthermore they could cause yield reductions of the order of 35%.

The granular forn of some systemic insecticides gave better control where

aphid populations were low but the influence of weather is again important

as aphid populations and the susceptibílity of pota+-o cultivars are

probably influenced by this environmental factor.

Studi.es on the influence of a range of fungicides on spore gerrnirration

of A. solani indicated that captafol and chlorothalonil were likely can-

didates for field experimentation in the control of early blight. Ilowever

such fungicides are costlyrhence it rnay be more econonical to search for

resista¡rt or tolerant cvs of potato especially in developing countries.

Bacterial wilt disease caused by Pseudomonas solanacearum is one

of the most inportant diseases of potato and other crops. This disease

Iimits the growing of potatoes in S.E. Asia particularly at lower, warmer
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elevations. It is an extremely important disease in the Philippines

and as my future work will involve a search for ways of controlling that

disease, it was decided to combine an ecological study with the use of

bacteriocin-producing strains of P. solanacearum. Unfortunately, control

by this neans was not achieved and further studies are required. The

ecological studies enphasised the importance of soil moisture, temperature

and non-host plants on the survival of the bacterium, and possibly account

for the distribution of the disease in the Philippines where potatoes in the

cool wet highlands are less affected than those on the plains. The

significance of races of P. solanacearum with different tolerances to desic-

cation deserved further study.
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General Discussion

Any attenpt to increase yields of a crop in a particular area

requires adequate survey and diagnostic work to identify the main constraints

on the crop. Thus, although potato leaf ro11 appears to be the nost

serious disease in potatoes in South Australia, other virus diseases were

found but not identified, so the etiological story is incornplete. Factors,

other than pathogens nay influence yield and the results presented in this

thesis point to the profound importance of climate in determining how

damaging a pathogen will be. The data support the hypothesis that many

diseases in potatoes caused by fungi and bacteria are either not found

or are of little consequence in South Australia because of the hot dry

conditions during the nain potato growing sc-:ion fron December to February.

The absence of late blight caused by Phytophthora infestans and bacterial wilt

caused by Pseudomonas solanacearllm are probably due to such conditions.

Thus, 50% of fungal and bacterial diseases of potatoe-s recorded in other

states occur in South Australia and of these only 10% are prevalent.

The serious nature of potato leaf ro11 is probably related to

South Australiats nild winters whic.h favour the prevalence of the virus'

aphid vectors in the cropping season. Epideniological research on diseases

of economic importance in potato crops would be worthwhile as it would enable

critical periods for aphid flights and for fungal sporulation, dispersal

and infection to be deterrnined in relation to weather. Simulation models

for forecasting disea.se outbreaks could then be devised to assist in the more

economic application of insecticides and fungicides.
One of the original objectives was to explore control of the three

diseases described in this thesis. All three diseases are prevalent in

the tropics and potato wilt is particularly serious in the Philippines. The

data presented hele confirn the view that a knowledge of the ecology of a

disease and its causal pathogcn is ncccssary. For cxanplc, the influcnce
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of weather on the aphid vectors of PLRV is inportant as well as the need to

determine which strains of the virus are most prevalent and if the potato

cvs. that are grown ín an area are tolerant and susceptible to the viruS.

Similarly, the effect of weather on the tolerance of potato plants to

fungicides and the importance of non hosts and soil conditions as influenced

by weather, on the survival of P. solanacearum also suggest that of all the

environmental conponents, weather is probably the most important.

Although control of P. solanacearum by crop rotation and organic

amendments may seem to be the most ljke1y nethod at present, the lack of

success with bacteriocin-producing strains of P. solanacearum should not

deter further studies. A more intensive search for more effective strains

seems justifieo.

Potato crops are complex ecosystems and the possibility that

decreased yields nay be the result of interactions between pathogens, clinatic

factors and potato cvs. needs investigation. Sociological factors may

even play a part. In South Australia, losses due to potato leaf ro11 could

be avoided if growers used certified seed from Victoria each year and avoidetl

the practice of sowing seed from a previous year for planting in a current

yeaT.
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Corrections and Amendments

Page 1 The statement t'Unlike most cultivated plants, potatoes are prone

to numerous kinds of plant pathogens .t' should be replaced

by 'rMost staple crop plants are beset by many pathogens and are

sensitive to nutrient imbalance and adverse environment'r.

Page 12, Pa'ra 2. Reference to 'rdj-sease" and "pathogenil is confusing.

Pathogen is defined as the causal agent of disease. Disease is the

physiological malfunction of the plant caused by the pathogen.

Unfortunately in the literature diseases are sometimes referred

to in terms of the causal pathogen, a symptom or a combination

of the two e.g. Fusarium dry rot.

Page 19, Lines 3-4 "...as other aphid-borne and stylet-borne ,¡irusesrl

Should readrras other viruses borne on the stylets of aphids".

Page 19 Lines 14-16 'r...healthy potato plants were stunted...'r should reacl

I'healthy potato plants were subsequently stunted.....r'

Page 19, Line 21. Add "For example, the Rutherglen bug may itself produce

a toxinrr.

Page 25-26 Reference to Streptomyces

is incorrect. S. scabies is

scabies under the heading rrBacteriarl

an actinomycete.

Page 36, Line 5. The word "secondaryrrrefers to infection that occurs

after infection in a previous season.

Page 47, Table 5; Page 46; TabLe 7. The tern H.S.D. is unfamiliar in

plant pathology literature. As explained in Table 4 (Page 38)

it is an abbreviation for 'rHonestly Significant Differencesil in

Tukeyrs w-procedure. This procedure is used in one-way analyses

of variance where multiple conparisons need to be tested.



Page 108, Table 19 As the data were not statistically analysed,

conclusions from this experirnent can only be tentative.

comnents on the effects of nematodes on wilting (Pages

should be treated with caution.

10.

Thus,

I07, 115)




