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SUMMARY

A field survey of barley soils conducted at three sites in South

Australia : Roseworthy and V'irgìnia, nonth of Adelaide, and Stratha'lbyn,

south of Adelaide, revealed that Pythium species are common inhabitants

of barley so'ils in South Aust,ralia. Population levels are higher in the

0-10 cm layer of the soil that in the 10-20 cm ìayer. A seasonal

variation was found in the PythÍum population of barley soils over 12

months. Month'ly assays suggested that activity of Pythium in soil was

directly influenced by temperature in two si+,es, whereas rainfall

affected the Pythium population'in on'ly one s'ite.

Eleven species of Pythium, isolated from soils and from infected

barley seedlings, were identified and characterized. P. irregulare was

found to be the predominant species. P. volutum was recorded for the

first time in Australia,

The influence of environmental factors influencing Pythium soecies

on bar'ley was studied. There was a high positive correlation between

soil moisture and the incidence of disease on barley seedìings caused by

P. irregulare, P. graminicolum and P. volutum. The relationship between

soil water and inoculum density of P. irregulare on the growth of barley

revealed that, for this fungus, inhibition in growth of barley seedl'ings

is associated with high populatjon levels in soils with a high level of

moi sture.

The re'lationship between pH of the medium and growth rate of P.

irregul are showed t,hat the fungus can grow linearly and in weight at

relatively high and low extremes with an optimum growth at neutral pH.
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Experiments carried out to evaluate the influence of t,emperature on

mycelial growth of Pythium irregulare and on disease severity indicated

that the optimum temperature for mycelial growth was between 25-30oC,

whereas the pathogen'icity test, showed that root length of barley

seedlings was significantly reduced by the fungus at l3oC.

The influence of Pythium irregulare and the nematode Pra I ench S

thornei was assessed to test the hypothesis that a statistical
interaction occurred between the two organisms in their effect on host

plants (barley and wheat). P. thornei seems to be equa'lly pathogenic 'in

wheat and barley, unlike Pyth'iu[ irregu]are which is more damaging in

barley than in wheat. Nematode and fungus appear to act independently in

terms of plant response to infection ; Pyt,hjum irregulare more so in

barìey than in wheat.

Pythium volutum, was recorded for the first time .in Australia. It
was consist,ently isolated from infected bar'ley roots and from soil in

the survey of barìey soils. Furthermore, P, volutum occurred in another

10 bar'ley and wheat fields, with pH values and cìay contents qu.ite

different from each obher" Some aspects of fungus bioìogy were studied

in vitt'o such as the influence of temper ature, pH and soil water on

growth. Three barley cultivars commonly grown in South Australfa rvere

sown in artific'ial1y infested sojl to assess varietal resistance and

susceptibilìty to P. volut,um. There were no differences between

cultivars in terms of response to infection. All cultivars tested M/ere

susceptible to infection by P. volutum.

Studies on possible contnol measures for Pythium species were

conducted. Metalaxyl (Ridomil 25 l^l P) was tested in vitro, in pots and
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in the fie]d. Metalaxyl, a fungicide specific against Pythium spp. and

other oomycetes,
l

seed treatment.
I

produced a marked increase in growth when applied as a

Pythium oligandrum was tested in vitro and in pots to control other

species of Pythium which urere found to be pathogen.ic to barley

seedlings, Clear evidence of contro'l was achieved.
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CHAPTER 1

GEHERAL INTRODUCTION

The di stri but'ion of P.vth'ium speci es i

1962 ; Tompki ns, 1975). They occurin trop

regions. They occur most abundantly in culti
in the surface ìayers of the soi l. P.vthi um

from arable land, pastures, forests and nurse

disease and reduce yìe1ds in cereal crops ;

diseases have been pubf ished (Subraman'iam,

1938 ; *"rO-1., 1934 ; Millikan, 1938/; Bisb
!t Lq_,

s worl d w'ide ( Rangaswamì ,

ical, temperate even cold

vated soil in the root zone

species have been isolated

ries and are known to cause

several revi ews -,::r.,1Tt"
1928 ; Vanterpool
ttql'
YIt
/'\

1938 ; Savulescu, 1940 ;

Å
1932,

Buchholtz¡, 1942, 1947 ¡ Sprague, 1950; Hampton, 1957; Barton, .l958:
/\ 

" fi"r
Warcup,1957; H'irane,1960; Teakle,1960; SharmTO 1967; Saladini and

Wh'ite, 1975; Lipps, i978, 1980; Ì,rla'ller, 1979; Cook et al., 1980).

Studies on disease in barley caused by Pythium (Erikson, lgj? ; Gram,
ø''1'r vs. o lf

1921 ; Chabrolin, 1927 : Subramaniam, 1928 ; Vanterpool

^ 

1932 ; Asuyama,
a\.

1935 ; Sirron¿tl
/x

1935 ; Drechsler, 1936 ; Elliott¡ 1931 ; Ho et al.,
ntJ

1941 ; Haskett, 1953 ; Bruehl, 1953 ; Surnmer, 1958 ; Freeman, 1966 ;

Kilpatrick, 1968 ; McKeen, 1917 ; i.Jaller, 1979) cont,ain little
information on the occurrence, etiology and control of P.v.bhium under

Australian condit'ions. Thus in studying Pyth'ium in barley crops in South

Australia it was first necessary to Cetermine what species occurred

there, which species were common and which were the most pathogen'ic.

Further i nformat'ion ì¡/as requi red on the i nf I uence of the South

Australian environment on Pythium. Thus factors such as pH, temperature

and rainfall and their influence on the incjdence, mycelia'l growth and

reproduction of Pythium spp. were studied. The effect of and interact'ion

between soil water and the ' pathogenicity of Pythium seemed a

part'icularly'irnportant aspect to investigate to answer the questìon: Is
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there a particular level of soil water at which Pythium is most

damaging? Furthermore, the influence of inoculum density in the etiology

of the disease was considered worthy of study. Such etiolog'ical studies

are a prelude to control ; at least they should indicate where further

research might useful ly go.

In this project two approaches to control have been taken

effect of the fungicide Ridomil and the parasitic effect of

ol igandrum on pathogenic species of Pythium on barley.

Most of South Australia 'is arid or semi-arid, and cannot be used

for crop productìon. Cereal productìon is confined to the more southerìy

regions whose cl'imate is indicated by that for Adelaide (Figure 1)" This

severe natural I imitation means that only 6 mi I I ion of 63 mi I l'ion

hectares in rural establishments are devoted to cropp'ing or permanent

pasture. F'igure 2 indicates the areas sown w'ith the three major cereal

crops in South Austral'ia since 1937. The South Australian anea under

bar'ley and wheat 'in recent years ( 1980-1984) has vari ed between 2. 4 ancj

2.6 million hectares (Table 1). The cereals - wheat, barley and oats

sown for grain each year occupy 92 per cent of the total area cropped in

South Australia. The area sown to barley in South Australia between

1980-1984 represent 39 per cent of the Austral ian total and the

product'ion was 38 per cent of the total gra'in produced. The total gross

value of barley produced in South Australia in 1983-1984 of 29? nillion
dollars represented 35 per cent of the total gross value of Australian

barìey. These data indjcate clearly the economic importance of barley ìn

South Australia and justify a programme of research on diseases in this

crop.
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Figure 1 : Cl inratol ogi cal d
month'ly ra'i nfal
temperature (B)
compos'i te record
observati ons.

ata, Adelaide, South Australia ; rnean
I based on all years of records (A),
, and rel ative humid'ity (C) based on
s of Greenwich Stand anci Stevenson screen
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Figure 2 : Area under cereals for gra'in in South Australia from 1937
to 1980.

(Australian Barley Board, Bureau Census and Statistics)
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Table I : Area under barley and wheat sown in South Australia between 1980-1984

AUSTRALIA

BARLEY l^lHEAT BARLEY

SOUTH AUSTRALIA

t^JHEAT

1980 - 1981

1981 - 1982

1982 - 1983

1983 - 1984

Area
,000 Ha

Producti on
,000 Ton

Area
,000 Ha

Producti on
,000 Ton

Area
,000 Ha

Producti on
,000 Ton

Area
,000 Ha

1, 445

1,427

i, 398

1, 569

Producti on
,000 Ton

.l,650

1, 695

692

2,678

2,451

2,685

2,495

3,163

2,682

3,450

1,858

4,937

1 1, 283

12,041

1 1, 546

12,909

I 0, 856

1 6, 360

8,818

22,064

989

1, 032

1,005

1,122

1, 
.l58

1,?27

668

1,815

Data provided by the South Australian Statistics Bureau

(tl
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Many diseases of barley occur in South Australia of which scald and

powdery mildew are considered the most serious (Barr and Mayfield,

1979). Scald (Rhynchosporium secalis (0udem) J. Davis)'is common evei^y

yea|in most barl ey crops throughout South Austral i a. Barr and Mayf i el d,

(1919) have shown that all commonìy grown cultìvars are susceptible with

disease being most severe in crops sown early'in May and particularly in
years w'ith wetter growing seasons. They found losses in yield of up to

257" due to scald 'in field trials followìng inocqlation of barley withtî)c ì

R. secal i s. Powde ry Miidew ( Erysi phe srami n'is ¡-{-f. hordei Marchal ),

according to .Barr and Mayfield (1979), is widespread and apparently

severe when long perìods of dry, warm weather occur during tiller.ing of

crops. In districts where the growing season is cooler and longer,

powdery mildew has been most severe during the period when grain is

fììling.

Leaf diseases of barley of less ìmportance'in South Austral'ia are

net blotch (Drechslera teres \Shoem\), stem rust c't i a hordeiP

\COtthÐ, loose smut Ust'i I a o hordei \Pers/Lagerh\ and leaf spot

( Drechsl era vertì ci.l ata \0'Gora\ Shoem).

The root disease take-all caused bv Gaeumannomyces erami n'is was

ranked as second in impoi^tance after stem rust (Garrett, 1g4z), and it
is general'ly acknow'ledged (K'irby, 19zs : Garrett, 1g4z) that take-al I

has proved most destructive in areas where intensive cereal cropping

programmes have been pursued w'ith little or no reference to rational

practice. Under such conditions individual crop losses of the order of

25-75 per cent have been recorded in the past in Australia (Richardson,

1910 ; Hynes, 1935). Purple or bare patch caused bv Rhizoctonia solani

Kuhn, can be of major concern in South Australia (McKn'ight, 1960) and
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periodicaì'ly causes appreciab'le yield losses on the Central and South

Western slopes of New South Wales.

Common root rot of barlev is a complex disease caused by a number

of fungi the most important of which are Helrninthosporium sativum

(Pammel, King, and Bakke) and various species of Fusarìum especialìy

F cu I morum (1,'.l. G. Sm. ) Sacc. Under Australian cond'itions Curvularia

spp. notab'ly C. ramosa (Bainier) Boedìjm, may also cause disease in

barley (Hynes, 1 935 ; Mi I I i kan, 194?). Among the vi rus di seases of

cerea'ls, Barl ey ye'l 'low dwarf vi rus, has been recorded on barl ey (Warcup

and Talbot, 1981).

Het,erodera avenae lrlollem. and Pra.ty'lenchus neg'lect,rs (Rensch)

Fi I i pjev

parasi ti c

pl ant

Aìthough many of the root diseases mentioned probably reduce barley
^t

Vll])lds their relative 'importance, and how they compa re w'i th P.vth'i um s pÞ.

is unknown. This project aims to answer some of these quest'ions.

and Schuurmans Stekhoven, are the most preva'l ent

nematodes recorded in South Aus'bralia on bar'ley.
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CHAPTER 2

FIELD SURVEY FOR PYTHIUI'I IN BARLEY CROPS IN SOUTH AUSTRALIA

A. Introduction

The di stri but'i on of a pathogen i s 'l argel y determi ned by i ts

environment. The presence of its host and the environmental factors that

i nf I uence i ts surv'iva I , determ'i ne whether the pathogen wì I I be common or

rare, and whether it will be economically important. Vaartaja and co-

workers (Vaartaja and Bumbieris, 1964 ; Agn'ihotri and Vaartaja, 1967a ;

Vaartaja and Agn'ihotri, 1967 ) have concluded that environmental factors

chief 'ly determ'ine severity of seedl'ing root diseases caused by Pythium

in forest nursery beds. Campbe'l I and Hendrix (1 967) concl uded that

Pythium spp. are damaging only during or following perìods of excessive

soil moisture, but that d'isease severity may be less dependent upon soìl

moisture when Pythium populations become excessiveìy hìgh. A number of

investiga.tors have reported 'increase in disease caused by Pythium

following addit'ion of residues (Trujillo and Hine, 1965), seed (Singh,

1965) or high-carbohydrate soìì amendments (Barton, .l960, 
1961 ; Lin and

Vaughn, 1960 ; Yarwood, 1966). Kendrik and Wilbur (1965) concluded that

more than 500 propagules of Pythium r rre ul are g soi I were needed for

severe pre-emergence kill of lima bean, after the popu'lat'ion of PylEq

had increased wjth repeated p'lantings of l'ima bean seed. In most

studies (Schmitthenner, 1962 ; Vaartaja and Bumbieris, 1964 : Campbe'l1

and HenCrix, 1967) the population density of Pythium SpÞ., in particular

that of the pathogen'ic species e.g. P. ultimum, P. irregulare, and P.

aphan i dermatu was found to be less than 100 propagules/g soil. Pythium

spp. are of economic importance 'in cereal crops (Cook, Sitton and
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[.laldher, 1980) and in QueenslandrTeakle (1960) has described fourteen

species of wh'ich P. aphanidermatum was pathogenìc on barley. However,

apart from th'is, little research has been done on the influence of

Pythium on cereals in Australia.

B. Characteristics of the field survey

A field survey of barley fields was conducted at, three sites in

South Australia : Roseworthy (50 km north of Adelaide), Vìrginia (35 km

nort,h of Adelaide) and Strathalbyn (70 km south of Adela'ide) as shown in

Figure 3. The meteorologìca1 characteristics of the three sites are

shown in rrble 2 and the characteristics of the soil from each field

site are presented in Table 3. From these data it is ev'ident that the

tlo norther'ly sites at Virgin'ia and Roseworthy tend to have higher

temperatures, less ra'infal l, and less clay in the soi I than Stratha'lbyn

in the south. Thus, the two northerly s'ites might be expected to present

the barley crops and Pythium w'ith a harsher environment.

The survey was'conducted from September 198,l to August 1982 and set

out to test the hypothes'is, based on observations in many agricultural

soils in South Australia, that seasonal fluctuations in Pyth'ium

populatìons are influenced by environmental factors ; that, because of

temperat,ure differences, populatjons at the soil surface are more

abundant and fl uctuate more wideì y than those at depth ; that

temperature and rainfall determine the long range changes in popu'lation

levels of P.ythium. Such effects should be reflected in diffe"ences

between t,he northerly and southerly sites which have different climatic

cond i ti ons.
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Figure 3 : Location of field survey areas
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Tab'le 2 :

11

The meteorological characteristics of the three field
survey sites

ROSEWORTHY VIRGINIA STRATHALBYN

Mean annual rainfall (mm)

Mean rain days (no. )

Mean minimum temperatu"" ß9

Mean maximum temperature p$

Mean minimum winter
temperatu"" ß9

Mean maximum wfnter
temperatu.. /Cþ

Mean mi nimum s¡mimer
temperature /Clg

Mean maximum suqmer
temperatu." [09

440

i06

10. 5

22.3

6.s

15. 6

14. 8

28.9

446

117

11.0

22.4

6.1

16. 3

16. 1

29.3

494

125

9.4

21.2

6.1

15.7

12.9

26.6

Data provi ded by the Meteoro'l ogi ca'l Bureau, Adel ai de



Table 3

Si te

Strathal byn

Vi rgi ni a

Roseworthy

Characteristics of the soils at the sampling sites.

Soil Texture 0-10 cm

Soi I
Type

pH C1 ay
/o

silt,
z

Sandy Loam

Loamy Sand

Loamy Sand

7.8

8.0

7.9

19.28

11.52

12.35

5.64

3. 84

3.87

Soil Texture l0-20 cm

Sand
@
/o

75.08

84.64

83.78

C1 ay
/o

17.86

9.22

10.84

silr
@
/"

3.89

3.70

3.92

Sand
I

78.25

87.08

85.24

N)
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C. I'laterials and l.lethods

C.1. Soil samples

Samp'les were collected monthly from September 1981 to August 19Bz

from three sites contain'ing barìey crops, Vìrgìnia and Roseworthy in the

north and Stratha'lbyn in the south (Figure 3). Four areas, 50 m square,

were sampled at each s'ite. Thirty sub-samples, each of 200 ml, were

collected at random within each square and bulked to form one sample.

Long handled trowels were used to collect the compos'ite samples from 0-

10 cm, and 10-20 cm deep, No so'il from upper layers was allowed to drop

to lower'layers. The sampìing trowels were cleaned and immersed in a 5

per cent formaldehyde solutjon prior to taking each sample.

The soil in each sample was sieved through a 1.68 mm mesh sieve and

mixed thoroughly. Soil samples wene p'laced ind'ividually in clean plastic

bags, and were stored at 4oC and processed wjthin a few days of

coìlection to assess P.vthium populations, pH, and texture.

C.2. Assessment of Pythium populations

Two methods were compared, hlarcup' s soi ì pl ate method (l^larcup,

1950), and a soil dilution plate method.

C.2.1 The Soil plate method

Soil plates were prepared by transferrìng a small amount of air dry

soil (10 mg) into a sterilized Petri dish. 10 ml of cooled medium were

added and the soil particles dispersed throughout the agar, Due to the
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high content of clay in some soils, the particles of soil were mixed

with a drop of st,erile distjlled water jn the plates, before the medium

was added. Soiì partìcles were dispersed by gentle rotation before the

agar solidified. Selective medium was used (Ocana and Tsao, 1966; Tsao

and Ocana, 1969). There were four replicat,e plates per sample. Plates

were incubated in the dark at 25oC and numbers of colonìes counted 24

and 48 h later and recorded as the number of colonies per g of oven

dri ed soi l.

C.2.2 Dilution plate method

This method, widely used in soil mycology has been adapted from ti,e

method originally deveìoped for genera'l ìsolation of soil bacteria

(l^laksman, 1927). 10 g of soil, from the same sample used for the soil

plate method, were placed in a graduated cylinder. Sterile dìstilled

water r¡/as added to gìve a total volume of 100 ml. The suspension was

stirred and poured into a 1000 ml Erlenmeyer flask. The flask contaìning

the suspension was shaken on a mechanical shaker for 30 min. 10 ml of

this suspension was immediat,ely drawn (wh'ile in motion) into a sterile

10 ml pìpette and transferred to 90 nrl of sterile water. Each suspension

was shaken by hand for 5 sec and was in motion wh'i1e being drawn into

the pìpette. The soil dilut'ion used was 1:.l00. Half of the final soil

dilutions used, were allowed to settle for 5 minutes, the other half for

60 minutes.

Both soil dilutions were separated into t,op (A), middle (B), and

bottom (C) levels. Each of the three levels A, B and C were allowed to

settle for 5 and 60 m'inutes, and then 1 ml of suspension was tranferred

asepticaì'ly into Petri djshes (four Petri dishes for each dilution
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transferred). The dishes were rotated by hand in a broad swìr'ling motion

so that the diluted soil was d'ispersed'in the agar. The same selective

medium (Qcana and Tsao, 1966; Tsao and Ocana, 1969) was used. According

to Tsao (unpublished data) this selective medium gives the hìghest

recovery of Pythium from nat,ural so'il. Plates were incubated in the dark

at 25oC una 
"*ftglined 

at 24 and 48 h. Any Pyth'ium colonìes located v/ereluf

transferred to corn-meal agar. The number of Pythium colonìes was

recorded as number of colon'ies per gram of oven dried soil. There were

seven treatments with four replicates, arranged in a randomised compìete

block design.

Results

The numbers of Pyth'ium propagules obtained by the two methods, soil

p'late and soil dilution, are shown in Table 4. There was no significant

difference between the numbers of colonies obtained from the soil pìates

and from dilution plates except that samples taken from the top level

(A) of .the dilutions (allowed to settle for 5 and 60 minutes) clearly

yielded significantly fewer.

C.2,4 Discussion

Usua'lìy, the detect,ion or isolation of a pathogen from its living
host 'is a sìmpler task than its detectìon in its non-pathogenic phase

when it'is lìv'ing as a saprophyte in soil either actively or as inactive

spores. The result,s of the experiment showed that both methods g'ive

essentia'lìy the same picture of the Pyth'ium flora in soil. Garrett

(1951) suggested that the dilution p]ate method favoured heavily-sporìng

fungi and evidence for t,his view was provided by Warôup (195s). Warcup
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Table 4 : Numbers of Pythium colonies obtajned by two methods

soi I p'late and so'i I di I uti on

TREATMENT Mean value of
Colon'ies /

ber of Pyth'ium
dried soi I

Num

1g

2

3

4

5

6

1 Soi 1 p'late method

Top level (A) of dilution allowed to
settle 5 minutes

Middle level (B) of d'il ution al lowed
to settle 5 minutes

Bottom level (C) of d'ilution allowed
to settle 5 minutes

Top 'level (A) of d j I uti on a'l I owed to
settle 60 minutes

lvl'iddle level (B) of di lution al lowed
to settle 60 minutes

Bottom level (C) of di'lutjon allowed
to settle 60 mìnutes

425 a

150 b

350 a

350 a

7sb

300 a

350 a
7

L.S.D. = 226.23 (p = 0.01)

Values followed by sim'ilar let,ter are not significant'ly
di fferent.

Mean value of four repìicates.
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are(1957) also showed that Pythia are isolated by dÍlution pìates but

more common on soil plates.

It is'interesting to note that both the soil plate and the dilution
p]ate methods gave a hìgher number of Pyth.iun propagul es from the

residue after pneparation of soil suspension (Level C), than dìlutions
poured from the top (Level A). It would seem that soaking soil with

distilled water does not allow all the Pythium propagules present to

pass into suspension. Bainbridge (1966) showed that the dilution pìate

method, using water as a diluent, was unsatisfactory in that.it resulted

in a lower estimate of numbers than did the soil plate method.

' The results in Table 4 show that when the soil dilution method is

used, it is not necessary to wait for +.he soil to settle for more than 5

minutes after shaking ; if the suspensÍon is left for more than 5

minutes, the sampìes should be taken from the bottom of the solution,

because 'in the preparati on of di I uti on p'lates many acti ve hypha or

spores of Pythium species can be discarded with the residue. The soil
plate method allows the growth of those Pyi;hium spp. embedded in humus

or attached to mineral particles. Owing to variability within t,reatments

the results'in Table 4 fail to substantiate l^larcup's (1957) conclus.ion

that most pathogens which occur on dilution plates occur more frequently

on soil pìates, In both methods, use of a selective fungistatic
antibiotic d'id not result in an increase in the number of Pythium

co'lonies isolated, but was of use in eliminating other fungi which

obscured observations on isolation plates.

hlarcupts soil plate method for assessment of Pythium populations in

soi'l possÍb]y refìects more closely the rear density of pythium spp. in
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lc.*\1 {'u'2
soil and, because it was easier to use, this method was chosen. 25

p'lates for each soìl sampìe were usecl.

c.3 Isolation of
seedl i ngs

Pfrt,hium species from the roots of infected barley

Several authors have commented on the difficu'lty in 'isolat'ing

P:¡thium from roots. Drechsler (1929) thought it might be due either to

the rapid spread of bacteria over the surface of the tissue subsequent

to plating, or to conditions w'ithin the diseased tissue itself. He was

able to'increase the frequency of isolation of the fungus from decayìng

tissue by first immersing roots in sterile water for 12 to 24 hours.

Root pieces from wh'ich Pvthìum hyphae hi.- grown during immersion were

blotted dry before being planted on agar, where colonies of the fungus

developed. Drechsler stressed the 'importance of careful drying to remove

any moisture film in which bacteria might spread. He also thought it
possib]e that immersion in water removed soluble substances from the

pieces inhìbitory to growth or germination of spores of Pyth'ium.

Vanterpoo.l and Truscott (1932) also obtained an increased frequency of

isolation of Pythium from wheat roo{;s by Drechsler's method, as did

Rands and Dopp (1934) from roots of maize.

The presence of other fungj, commonly thought to be secondary

invaders, has been given as another reason for the difficu'lty in

isolatìng Pythium. Robertson (1959), in isolating the fungus from

decaying roots of oi I palm ( tl aei s sui neensi s ) found that jt was

necessary first to suspend the pieces in running tap water for 24 h. If
this v/as omitted procedures usually failed to recover Pyth'ium, but

gave i nstead a prol i fì c grovrth of other fung'i. Fl entje (1964/)
/

frequently iso'lated Pythium from rotted pea seeds only if they were
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i ncrease i n those gì v'ing ri se to Mucor, Rhi zopus and

after that time

Pythium but an

Fusari um.

'Attempts to find a sterilizing agent which would destroy most of
5

the root surface contami nants, wi thout k'i l l i n Py!U-U! withi n the ti ssue,
lt-

have usual ly been unsuccessf ul . Bay'l 'is ( 1941 ) found that treatment wi th

a 0.1 per cent solution of mercuric chloride or with a 0.1 per cent

solution of silver nitrate followed by rinsing in a saturated sodium

chloride solution, greatly reduced isolation of Pythium from pea

seedlings. Flentje (1964a), using a 1:1500 solution of mercuric

chloride, found that other fungi, notabl; specìes of Fusarium, were much

more t,olerant of it than was Py'thium. Hawker, Harrìson, Nicholls and Ham

(1957), in isolat'ing from Al'lium roots an endcphythic fungus very

similar to Pvthium ultimum (Carre and Harrison, 1961 ), found sodium

hypoch'lorite unsuitable as it almost completely prevented growth of the

fungus when the roots were p'lated on water agar.

C.3.1 Selection of a root surface treatment

Following the Bainbrige (1966) method, silver nitrate and sodium

hypoch'lorite were tested as root surface sterilants to see if the

results obtained were sjmilar to those of Bayl'is (1941) and of Hawken

et al. (1957). A'lthough the washing technique described by Robertson

(1959) may not rernove all contaminants from the root surface, it was

tested to see if its use increased frequency of Pythium isolation.

removed from the field within four days of planting ;

there was a marked decrease i n the nurnber yi el d'i ng

To obt,ain infected roots for surface sterilization,

were planted 'in 1,000 g of uncultivated soil inoculated

bar'ley seeds

wi th Pythi um
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i rregu I are by m'ixìng with the so'Íl 3 g of fresh, washed, macerated

mycel i um grown on liquìd neutraì-Dox-yeast medium (NDY) (NaN03, 2 g ;

0.5 g ; Sucrose, 30 g ; KH2P04, 1.0 g ; FeS04, 0.01 g ;MgSp47H20,

Water, 1000 ml ; KCl, 0.5 g; Yeast extract, 0.5 g).

Eighty barley seeds were planted in the soil 'in an aluminium tray.

Soil mo'isture was adjusted to 80 per" cent, of field capacìty, and the

tray covered w'ith a sheet of po'lyethyìene. Kaufman and l^l'illiams (1962)

reported that water loss from soil kept in poiyethylene bags was

neg'l'ig'ible whereas C02 exchange w'ith the atmosphere was not impeded. The

temperature was 15oC, After 14 days seedlings were harvested, roots were

removed, washed free of soil in tap wai.r and then batches of 20 roots

were:

(a) Immersed for 3 minutes in 5 per cent aqueous solution of sodium

hypochlorite then rinsed 3 times in sterile, distilled water.

(b) Immersed for 3 minutes in 0.1 per cent silver nitrate, for 10

minu.tes in a saturated sodium chloride soluticn, then rinsed 3

times in sterile distilled waLer.

(c) Rinsed 3 times in sterile dist'illed water. All roots were planted,

two per dish on water agar. Water agar was used to keep bacterial

growth to a minimum. Plates were incubated at 25aC and were

examined after 24 and 48 hours for colonies of Pythium wh'ich were

removed as t,hey became vi si bl e. The percentage of roots gi v'i ng

P. i rreeul are i n each treatmen t is shown in Table 5.

Washing 'in tap water for 18 hours as an aid in isolating Pyth'ium

was evaluated using the root systerns of four 6 week old barley plants

grown in field soil in pots in the g'lasshouse. At 6 weeks the roots had



Table 5 : The percentage of barley roots yìeìding

after treatment with sodium hypochlorjte

nitrate solutions.

21

P. i rregul are

or si lver

TREATMENT Roots yi eì d'i ng
P. i rregu'lare (per cent)

5 per cent hypochlorite for 3 minutes

0.1 per cent silver nitrate for 3 minutes
then 10 minutes in saturated NaCl solution

3 minutes in sterile distilled water
(controls)

25

'100

0
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been colonized by other fungì. 0n a large proportìon of primary roots,

lesions covered most of the root surface. Pieces, 1 cm long, were cut

from the root systems and divjded at random into two batches of 120
I

each. One hundred pìeces from the first batch were washed for three

minutes ìn changes of sterile water, blotted dry with fjlter paper and

placed 5 per petri dish on water agar. The rema'inder u/ere used to

prepare squash slides for m'icroscopìc examination.

The second batch was p'laced in an upright filter funnel, covered

with fine nylon gauze to prevent loss of pieces, and washed in a steady

stream of tap water. After 18 hours washing, 100 root pieces were rinsed

in sterile water, blotted dry wìth fiìuer paper and p'laced on water

agar. Plates were examined after 24 and 48 hours for Pythium colonies

which were transferred to corn-meal agar for identification. The

remaining 20 pieces from the batch were exam'ined microscop'ica'11y.

Bacterial development on the agar around the root pieces was much

reduced by washìng, but there was no noticeable difference in the growth

of other fungi. The percentage of root pieces giving rise to colonies of

Pythium jrregulare is shown jn Table 6

MicroscopÍc examination of squashed roots previous'ly washed in

running tap water for 18 hours, showed that all had funga'l spores on the

root surface or embedded in the tissue. Ten also cont,ained spores which

appeared to be oogonia or sporang ia of P. irregulare. 0f these root

pieces -<even contained aseptate hyphae s'imilarin appearance to those of

Pvt,hium, the hyphal tips were filled with cytoplasm suggest'ing that they

had been recently formed. Although oogon'ia and sporangia were present'in
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Table 6 : The percentage of root pieces yieldìng P. irreeulare after

washing for 18 hours in running tap water.

TREATMENT Root p'ieces yielding
P. i rregu'lare (per cent)

hlashed in tap water 18 hours

Washed 'in st,erile water 3 minutes
(control )

50

7

i

I

I

1

I
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8 root pieces from the control treatment, cytopìasm filled hyphae were

not seen. Suspending roots in water for an extended period thus seemed

to stimulate germination of Pythium spores and growth of the fungus

within and on tissue, which subsequently enabled it to grow into the

agar ahead of other organ'isms.

That deve'lopment of bacteria was reduced around washed root pieces

on agar may be another reason why increased numbers of P.irregulare were

'i sol ated.

Treatment of roots with sj lver n'itrate or sodium hypochlorite

reduced the number of Pythium irregulare isolations to such an extent

that the use of these chemicals as surface steriìizing agents was

prec'luded. hlashing for 18 hours increased the number of Pythium

isolations. Although most hyphae were devoid of contents, the adhes'ion

of these and other partic'les indicated that some Pyth'ium colonies might

arise from propagules on the root surface. Harley and trJaid (1955) and

Stenton .(1958) have also reported the adhes'ion of soil partìcìes and

fungal propagules to roots after washing.

In the absence of a suitable means of sterilizing the external

surface of roots, extended washing was selected as bejng the best method

of removing many surface contam'inants and at the same time of ensurfng

subsequent i sol at'ion of Pythi um.

C.4 Isolation of
taken from the

from the root systems of barley seedìings

Isolations were made from 10 root systems of 3 to 5 week o1d barìey

plants. The same number of barley seedlings showing symptoms of decline

P¡rtht um

field
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or unthriftiness were collected from all three barley fields under

survey. Each plant was lifted with as little disturbance as possible to

the roots and transported to the laboratory in covered cans. Root

systems could be removed from the cans w'ithout much loss of roots'if the

bulk of soil enclosing the roots was first saturated with tap water and

the soil agitated with a jet of water from a flex'ible tube as the root

system was l'ifted clear. Washing in fast flowing tap water for 18 hours

was done'in a large glass tank covered with a w'ire mesh lid. Samples

from each root system showing discoloration or lesions were examined

carefu'lly in st,eri le watelin a Petri dish and any adher.ing soi l

partic'les were removed with a stiff brush and cut Ínto smal'l pìeces, 1

cm long' after being rinsed twice in s;erile water. After removing

surp'lus water, roots were planted one per Petri d.ish and covered with

water agar at 45oC. Usìng the dissecting microscope, olates were

exam'ined after 1B and 42 hours for colonies of Pythium from which hyphaì

tips were transferred to corn-meal agar for subsequent identification.

C.5 Sporulation and identification of Pythium isolates

Isolates of Pyth'ium species were grown at 25oC on cornmeal agar,

and microscopic examination for the presence of oogonÍa was made at 5 to

7 days.

As the devel opment of sporangi a usual ly requ'i res water to 'induce

their formation, a small amount of a culture on cornmeal agar was placed

in a Petri dish'in a shallow layer of water to which a 1-2 cn piece of

grass leaf was added. The water used consisted of one part of sterilized

water and one part of dist,illed water. The grass leaf was boiled for 10

mi n. Changi ng t,he water favoured the producti on of sporang'ia and
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discharge of zoospores. After a few hours to a number of days the

Pythium colonized the grass leaf and developed zoosporangia a'ìong its
marg'in, (Emerson, 1958 ; Webster and Denis, 1967). Measurements were

made on sl'ides in lactophenol-cotton-blue. Specìes were identified

accord'ing to Middleton (1943) i the criteria used were, diameter of

hyphae size and shape of sporangia, size and shape of oogonia and

oospores, and the morphology and point of orjgin of antheridia. All

estimates of size were derived from a total of fifty measurements.

C.6 pH

pH of soil was measured usìng a pH r::eter. Ten grams of so'il were

p'laced in a 50 ml pìastic container and 25 ml of 0.01 M CaCl2 soìution

were added, stirred several times for about 10 minutes, and allowed t,o

stand for t hour before pH was measured by immersing the glass electrode

of the pH meter. Two measurements were made per sampìe taken from the

fi el d.

C.7 Soil texture

Soil texture was measured by using the hydrometer method to

determine the proportion of c]ay, silt and sand. Fi.ity g of air-dried

soil were put into 200 ml of distilled water, 20 ml of 107" Calgon

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

vigorous'ly for 20 m'inutes in an alumjnium contaìner, washed into a

sedimentation cy'linder and the volume made up to 1 'l with distilled
water. Measurements with the hydrometer were made at 5 minutes and 5

hours respective'ly after sed'imentation began. The value at 5 hours gave

the percentage of clay particles, then t,he percentage of silt and sand
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particles was calculated.

the measurements.

Corrections were made for temperature dur.ìng

D. Results and Discussions

D.l Soil pH and Soil texture

The analysis of soil pH and soìl texture carried out in the
'labonatory, indicated that all three barley-field soils presented almost

the same al kal i ne react'ion, and the soi I t,exture was a sandy l oam at

Strathalbyn and a ìoamy sand at virginia and Roseworthy (Tab1e 3).

D.2.1 Seasonal variation oI P¡rthium populations

Soil samples, taken at two depths from barley sites from September

'1981 to August 1982 were processed to determine population levels of

Pythium specÍes. The sites were chosen for their different climates.

Virginia. and Roseworthy have a lower mean annual rainfall and higher

temperatures than the more southerìy site at Strathalbyn (Table 2). As

indicatd in Figure 4 popuìations in the top layer of soil I to 10 cm

deep were consìstently higher than those at 10 to ?o cm. popu'lations

were also higher at Strathalbyn than at Roseworthy or VirgìnÍa. These

observations suggest that Pythium probabìy has its greatest inhibitory

effect on the growth of barley at germ'intion and emergence when root,s of

seedì'ings are growing through the upper soì1 layers that contain the

highest densities of fungus. The results also suggest that the degree of

inhibition of plant growth might be associated with the cooler and
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Figure 4 : Pop"tation densit'ies of Pythium at three sites,
Roseworthy and Virginia in t,he north and Strathalbyn in
the south of the bari ey growi ng regi on of South
Australia. Popu'lations were assessed mont
depths, 0-10 cm (upper graph) and l0-20 cm

Letters on the obscissa denote the first
month.

hly at two soil
( lower graph).
I etten of the
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Table 7 The influence of time (monthly samp'le
August 1982) temperature and ra'infal
soil a three sites Virginia, Strathal
asterisk indicates sìgnifjcance at p <

29

0.05.

VI RGI N iA STRATHALBYN ROSEI{ORTHY\

0-10 cm 10-20 cm 0-10 cm 10-20 cm 0-10 cm 10-20 cm

Tìme

Temperature

Rai nfal I

N. S.

N. S.

N. S.

N. S.

{t

N. S.

ITl+
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{e

l+
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wet,ter conditions at Strathalbyn where popu'lations are higher.

Regression analysis of population levels of Pythium against time

indicated that at Roseworthy and Strathalbyn populat'ions increased from

September 1981 to August 1982 in the 0 to l0 cm soil zone but decreased

at 10 - 20 cm. No statistical'ly significant regressions with time were

evident, at Virginia. Superimposed on such long term seasonal trends were

monthly fluctuations. To try and account for such variatìons, regression

analyses of popu'lation level s of lfthi ur agaì nst mean month'ly

temperature, and mean monthìy rainfall at each site were done. There

were no statistìca'lly sign'ificant regressions at Strathalbyn. At

Virginia population levels in the 10 to 20 cm zone increased with

temperature whereas at Roseworthy, population levels at 0 to '10 
um

decreased w'ith Íncreas'ing temperature and rainfall. In the 10-20 cm

ìayer populations increased with temperature as at V'irginìa. The results

are summarised in Table 7.

Concl usions

1 Popu'l atì on I evel s

Roseworthy.

are higher at Strathalbyn than at Virginia or

2. Populat,'ion levels are higher in 0 - l0 cm layer than at 10 - 20 cm

at all sites.

3. There is no consistent pìcture for all three sites. In two sites

there were trends in populatjon change with time ; in two sites

temperature had a signìficant influence on populations whereas

rainfall on]y affected Pythium populations at one site and then at

only one depth.

0.2.2
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Barley was sown 'in all sites in Aprì1 1982 and harvested in

November 1982. However, there were no major population changes

during that time, hence, it is possible that the crop has little

influence on populations as assessed by the soil plate method.

5. Higher levels of populations at Strathaìbyn may be associated
_t\
lower te,perature and higher ra'infall there.

A

wi th

It is poss'ible that record'ings of soil water and soil temperature

rather t,han meteoro'log'ical data are requi red.

0.2.3 Discusison

Pythium species are evidently common inhab'itants of barley soi 1s 'in

South Austral 'i a. A seasonal vari ati on was found i n the Pyth'i um

popu'lations of barley soìls over 12 months. Results of the month'ly assay

suggest that t,he activity of Pythium in soil was directly'influenced by

temperature in two sites, whereas raÍnfall affected Pythium populations

at one site. Pythium populations were h'igh durirrg the winter and spring

(low temperature) and low during summer (high temperature). Robertson

(1973) in New Zealand found high populations of Pyth'ium during winter to

early spring when temperature was low and soil moisture content high.

Hancock (1917) found that h'igher Pythium popu'lations in Californja soils

occurred during the autumn, w'inter and spJng seascns, and Iov¡est ;

population levels invariably occurred during summer.

As all three barley soi'l sites have a simjlar pH and soil texture,

differences in Pythium population between them probably can be ascribed

to differences in climate.

6
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The field survey raises questions that need to be answered by

experì ments:

1 Pythium has higher population levels at Strathalbyn where

temperatures are lower and rainfall is higher than at the two other

sites. To what extent does soil waten 'influence Pythium? How does

t,emperature influence the growth of Pythium?

2. The apparent absence of a relationship between population levels of

Pythium and the age of barley crop.was unexpected and raises tlre
question whether plant root weight influences popuiation density.

a lrlhat is the effect of such factors as soil water and temperat,ure

on the pathogeni ci ty of Pythi um 'is bar'ley?

4. What is the optimum pH of so'iì for mycelial growth of Pythium?

D.3. 1 Occurrence of
barley roots

t ', 

'''

Pythium specìes on barley soils and diseased

(a) Barley soils

The soil samp'les taken at 0 - l0 cm depths from barley sites from

Septernber 1981 to August 1982, processed to determine the popu'latìon

level were also processed to determine the identity of Pythium species.

The species of Pythium recovered and their relative abundance in the

samp'les assayed are shown in Table 8.
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Table 8 : The occurrence of Pyth'ium species on barley soils

Z of Pythium in soil 0-10 cm

STRATHALBYN VIRGINIA R0SEt^l0RTHY

P. i rregu'lare

P. rostratum

P. debaryanum

P. o1 igandrum

P. echinulatum

P. volutum

P. acanthicum

P. paroecandrum

P. iwayamaÍ

P. vexans

32.0

16.0

9. 16

10.0

9.58

3.66

5.0

5.41

6.0

2.25

29.0

14.33

13.08

9. 83

7.08

5.66

6.83

5.50

4.25

3.66

29.41

16.85

13.66

9.25

7.83

5.33

6.08

4.83

3.41

3. 16
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Pythium irregulare was the most commonly recovered species from all

three sites under survey, 327" of the isolates at Strat,halbyn, 292 at

Virginia and 29.412 at Roseworthy . P.ythi um rostratum was the ne.xt

commonly recovered species, fol lowed by Pvthi um ol i sandrum and

Pythium ech'inulatum. 0f the 10 species of P.vthium isolated from barley

soil samples (0 - 10 cm depth) 9 spec'ies had a'lready been recorded in

South Australia. P.vthium volutum, not previously recorded in Australia,

was isolated from all barley soì1 samples. (Table 8)

(b) Diseased barley seedlings

From 30 samp'les of 3-5 week-old barley plants from all three bariey

fields under survey, 103 populations of Pythjum spp. were isolated. The

percentage of p'lant,s with diseased roots yieldìng Pyth'ium'is shown in

Table 9.

D.3.2 Discussion

The amount of soil per plate (10 mg) was a suitable compromise for

counting both rare and common Pythium species at once. Increasing the

amount would not greatìy increase the records of rare species because

most of their colonies would be masked by the common and fast growing

spec'ies such as P. i rregul are. The true numbers of Pyth'i um propagul es i n

soil were probabìy higher than shown in Figure 4 because two colonies

occurring by chance close to each other, might, be counted as one.
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Table 9 : Survey of the Pythium species isolated from barley
diseased roots

Pythium spp. 7" of plants u/ith diseased roots yie'lding
Pythi um

P. irregulare

P. graminicolum

P. debaryanum

P. vol utum

P. paroecandrum

P. iwayama'i

P.' vexans

P. echi nu'latum

P. ol igandrum

P. rostratum

P. achanticum

38.7

21.7

18.1

7.5

6.9

6.3

0.6

0.2

0

0

0
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The result of outstanding importance 'is the generalìy high density

of Pythi um popul ati on regardl ess of the tñìrol I , pH, hi stor:y or

amendments. A seedling can hardly avoid contact with Pythium propagules

if every gram of surface so'il contains more than 300 of them, many of

them being P. i rresul are , P. debaryanum, P. volutum which are pathogen i c

to barley seedlings. There is obvious'ly a lower and an upper limit

outside whìch the abundance of pathogen must strongly affect disease

Vaartaja, Cram and Morgan (1961) found that in experimental dampìng-off

of conifers, the disease incidence largely depended on environmental

factors if the 'inoculum was light ; if inoculum was heavy environment

made little d'ifference and even unusual pathogens were capabìe of

causing hi6i, disease incidence. As seen from Table I and from the data

cf ['larcup ( 1952) and Schmi tthenner (1962) the proport'ion of di fferent

Pythium species probabiy varìes between soils more than does the total

incidence. However, the species found most commonly in soi l,
P. i ulare, P. rostratum , P. ol igandrum ), appear 'largely the same

in diffenent parts of the world (Mered'ith, 1940 ; Middleton, 1943 ;

\ì
hlarcup, 1952 ; Schmittenner, 1962). P. iwatamai (Table 8) may have a

restricted distribr¡tion (Middleton, 1943) whereas P. echjnulatum may be

rnore common jn South Australia (Table 8) than elsewhere (Middletonn

1943). ,

I

^
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CHAPTER 3

TAXONOMY OF THE GENUS PYTHIUM, DESCRIPTIOP{ AND IDENTIFICATION OF PYTHIUI.I
SPECIES IS0LATED FR0M BARLEY SOILS AND FRO!'I INFECTED BARLEY R00TS-ÏF
SOUTH AUSTRALIA

The genus Pythium has been treated systematica'l1y at least five

times since its establishment in 1858. Pringsheim (1858) jn his paper

"DIt SAPROLEGNItEN" created the genus Pythium which he included in the

family SAPR0LEGNIACEAE. Pythium monospqrrnum and P. entophytum were the

first described species. With the subsequent transfer of P. entophvtum

to Lagqndium entophytum by Zopf (1890), P. monosperdmum remained as the

lectotype ;pecies. The type species P.

saprophyte on dead insects 'in water.

monospermum r^/as described as a

Cornu (1872) incl uded Pythi um i n hi s treati se on the

Saprolegniaceae published in 1872. In 1881 de Bary published a serjes of

articles dealing rvith the genera Artrotrogus, Peronospora, Phytophthora

and Pythium. He po'inted out t,he similarity of the genera, ind'icated

their probable 'in'ter-relationships and concluded that they should be

placed jn the family Peronosporaceae, Soon after, Berlese and de Toni in

Saccardo's Sy'lloge Fungorum (1888) again placed this genus in the family

Saprolegnìaceae. Schroter (1897) placed the genus Pythium ìn a newly

created family, the Pythiaceae, assigned to the order Saprolegniales.

The subgenus Nematosporangium was elevated to generìc rank and included

in the Pythìaceae. He desig nated Nematosporangium as hav'i ng fi lamentous

sporang'ia and Pyth'ium as having spherical or limoniform sporangia. Two

subgenera, Aphragmium, Fìscher and Eunematosporangium (Nematosporangìum

F'ischer) were fncluded in the newìy elevated genus. Schroter also

presented two new subgenera for hi s genus Pythi um: Eupyth'ium, i ncl ud'ing
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species with smooth-walled oogonia,
V

with ec\inul ate-waì 1ed oogonia.

and Artotrogus, including species

Butler (1907) in h'is monograph on Pythium followed Fischerrs

treatment in retaining the various species within this single genus.

Butler considered the ge nus Nematosporangium of doubtful val idity,
grouping all species possessing filament,ous sporongia within the genus

Aphrasmi um. He did not accep t Fi schert s Nematosporangi um as a di sti nct

genus but included all the species under Pythium. His paper contains a

ìong discussion of the relationshjps of Pythium to the other groups of

fungi. Following this discussion there is a key w'ith descriptions of all

the specie: wh'ich had been described up to that time, and six plates

illustrating n'ine different species. In 1930 Sideris (1930) proposed to

revive the taxonomic p'lan proposed by Schroter. Sparrow (1931) published

a cnjtic'ism of Sideris' paper. He proposed either that Pythìum spp.

possessì ng spherica'l or I imoni form sporang'ia and al I Phytophthora spp.

be placed in Sphaerosporangium, elevating it to generic rank, or that

Pythium spp. be p laced in Phvtophthora.

Matthews (1931 ) and Middleton (1943) did not formal ly d'istinguish

intragenerÍc taxa, although they used the same distinguìshing criteria

as the previous authors in their keys and arrangements. The fo'llowÌng

descriptions of species of Pythium found in South Australia are based on

l',liddletonts keys. The taxonomic terms are Middleton's, the measurements

are my own.
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Pythium acanthicum (Drechsìer)

Hyphae measuring '1.3 to 5.4 um average 3.5 um in d'iametei.

SporangÍa typìcaìly intercalary and occasiona'lly terminal, then

subspheri caì measurì ng 1 1 . 7-43. 1 um average 28.9 um i n di ameter.

Zoospores formed at 20oC bi ci I i ate, reni form measuri ng 8-9. 5 um.in

diameter. 0ogonia terminal or interca'ìary, subspherical (P1ate 1Aa) with

an echinulate wall measuring 13.2 to 30 um average 23.5 um in diameter

excluding the spines wh'ich are 'l.3-5 um average 2.7 um in length and

average 1.7 pm ìn basal diameter. Antheridia typically monoclinous

(P1ate lAb) 1-2 per oogonium, borne terminally on branches 10-15 um

long. The -¡theridial cell 'inflated cìavate, oospores plerotic average

21.5 um in diameter with moderately thickened wall, containing a sìngle

reserve g'lobule and refringent body.

Prrt,h'¡ um debaryanum (Hesse)

Hyphae 4.3-5,4 um, average 4.7 um in diameter, branched, septate in

old cult,ures. Sporangia spherical, terminal or intercalary, 14.5 to 26

Illl, average 18.7 Um in diameter. Oogonia sphericaì, smooth, (Plate 1B

arrows) terminal or intercalary, 15.3 to 27.7 vn, average 21 um in

diameter. Antheridia 1-5 per oogonium, monocl'inous and diclinous, when

monoclinous arising some distance below the oogonium, not adjacent to

it. Oospores smooth, aplerotic 11.9 to .l9.8 um, average 16.9 um, in
diameter, wall smooth, thickness 1.7 Um,

The dimensions given here agree with those of Middleton (1943).
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Prrthi um echi nulatum (l'latthews)

Hyphae measuring 2 to B Um in diameter. Sporangia sphericaì to

cy'lindrical terminal or intercalary 10 to 30 um average about 20 um in

diameter. 0ogonia sphericaì to cylindrical, terminal (Plate 1C arrow) or

i ntercal ary measurÍ ng 1 4 to 30 um average about 24 Unr 'i n d'i ameter

exclusive of the many sp'ines 2 to I um in 'length. Antheridia monoclinous

typ'ically hypogynal, 1 to 4 per oogonìum, Oospores ap]erot'ic, 14 to 24

Iír, average about 20 um in d'iameter, 1 to 2 per oogon'ium, enclosing a

single reserve globule and refringent body. The 'identification was

confirmed by the Commonwealth Mycological Institute No. 268536.

Pfrthi um grami ni col um (Subramaniam)

Hyphae measuring 2.5-6.7 um in d'iameter average 5 um, irreguìarly

branched, appressoria irregular. Sporangìa inflated filamentous (Pìate

3C). Zoospores formed at 20oC, encysted zoospores 13-45 in number, 8-'i1

Um in diameter. Oogonia spherical, thin walled terminal, (Plates 3A,B)

lntercalary, measuring 17"3 to 36.0 um mean 25.0 um in diameter.

Antheridia are of monoclinous orìgin, antheridial stalks originatìng at

various distances from the oogonium, 1 to 5 per oogonium. Oospores

plerotic, s'ing]e, smooth 15.0 to 34.3 um mean 23.0 um in diameter.

The specìes is close to Pythium arrhenomanes and P. ari stos porum

but characteristic features, such as fewer antheridia per oogonium and

smal ler oogoni a make P. gram'ini col urn d'i f f erent f rom the other two.

Confirmed by Commonwealth Myco'logical Institute No. 279307.
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Pythium irregulare (Buisman)

Hyphae measuring 2.5-7.9 um, average 5.1 um in diameter. Sporangìa

of various shapes, mostly spherìca'l to obovate, (Pìate 2Da) terminal or

intercalary measuring 10 to 26.5 um average 18.0 um in d'iameter.

Zoospores seldom produced, about B um in diameter upon encystement.

Oogonia spherica'l to limoniform , measuring 9.5-28.2 pm average 17.8 ut

in diameter, usual'ly intercaìary (Plate 28) though also terminal, of

irregular contour, fairly smooth or undulent to definitely irregu'larly

eclinulate, (Plate 2Aa) the spines vary'ing in shape but usually of broad

base and acum'inate apex. The ratio of ornamentated to smooth oogonia was

607. ornamented oogoni a. Antheri di a Lypi cal I y monocl i nous 1-2 per

oogon'ium. (Plate 2C) Oospores aplerotìc, measuring 8.0-25.3 pm average

15.8 pm in dìameter, wall .|.3 
um thick and containing a s'ingle reserve

globuìe and r^efringent body, Confirmed by Commonrvealth Mycologicaì

Institute No. 285117, 285720, 285713.

Prrbhi um Ìwavamar (S. Ito)

Hyphae branched, measurjng 2.7-8.5 um average 6.6 um 'in diameter.

Sporangia spherical (Plate 1D) to prolate el ipsoida'1, ovoid or

limoniform, thin-walled, 28-45 x 42 vn. Encysted zoospores 8-14 um

diameter. Hyphae swel'lings Íntercalary. 0ogonia terminal or intercaìary,

globose, smooth, (P1ate 1 Ea) 21-21 uffi, average 26 um diameter.

Antherid'ia single (Plate lEb) or occasionall y 2 or 3 per oogon'ium, mono

- or diclinous. Oospores plerotic or ap]erotic, 19-23 um, average 22 vn,

di ameter.
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Prrthtum ol igandrum (Drechs'ler)

Hyphae measuring 1.7-6.5 um average 3.9 um in diameter. Sporangia

acragenous typi ca1 1y ì ntercaì ary, subspheri cal, measuni ng 25-44.7 um,

average 33.3 um in diameter, usually consìsting of 1-4 subspherical

bodies together w'ith a contiguous portion of a filament of varyìng

length, sometimes the filament irregularly swollen or branched. This

kind of sporangìum does not occur in other known spec'ies with ornamentecJ

oogonia. 0ogonia subspherical, echinulate, (Plate 4C) terminal or sub-

termÍna1, also lateral'ly or tangentia'lly intercalary 17-35 um average

25.4 Um in diameter exclus'ive of the spines which are con'ical and

acutely t'ipped 3-7 um average 3.8 um long and 1.5-3.5 pm average 2.3vn

in basal diameter Antheridia 'lacking in many instances. 0ospores

ap'lerotic s'ingle 14-33 um average 23.1 um in diameter w'ith a wal I

approximatel y 1 . 3 um. Conf i rmed by the Commonweal th Mycol ogi cai

Institute No. 285118.

Prrthi um paroecandrum (Drechsìer)

Hyphae measuring 2.5-9 um, average 5.3 um in djameter, appressoria

often present, apj ces curved and cl avate, measuri ng B-1 1 um wi de.

SporangÍa subspherical to el'ìipsoidal, typically'intercalany, when

spherical measuring 12-33 um, average 22.7 vn in diameter, zoospores 3-
^,ufv\24,, biciliate, reniform, measuring 9 to 11 urn upon encystment. Oogonìa
A

subsphericaì, (P1ate 1Fa) typically intercalary, measuring 1i-z} um

average 20.9 Um in diameter, smooth a¡ld thin walled. Antheridia mono and

diclinous 1-2 (5) per oogonium, (Plate 1F arrows) when monoclinous often

undifferentiated and adjacent to oogonium. Oospores ap'lerotic, with a

moderately t,hin wall, 1.1 to 1.4 um, average 1.3 um thick, containing a
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singìe reserve globuìe, and refringent body, oospores measuring 10-21 pm

average 1 8. 3 ym i n di ameter. Confi rmed by Commonweal th Mycol og'i cal

Institute No. 285719.

Pfrthium rostratum (Butìer)

Hyphae large measuring 6.5-8 um, average 7.3 Um in diameter.

Sporangi a are spheri ca'l to oval , termi nal or i ntercaì ary, measuri ng

23.9-34 um average 27.8 um in diameter, appearing before sexual

reproductive bodies; zoospores formed at 25oC, dicharge tubes about 5

Um wide. 0ogon'ia spherical to subspherical, smooth, typical ìy

intercaìary, (P1ate ZEa) measuring 13 to 29.0 um average 21 um rrì

diamter. Antheridia typ'ically monoclinous, 1-2 per oogorrium mostly

sessile and arising immediate'ly below the oogon'ium or hypoginous. (P1ate

2E) 0ospores plerotic, sing]e, wall about 2 um thick. Characteristic of

this species are the intercalary oogonia and monoclinous, sessjle or

hypogynous antheri di a. P. rostratum was easi'ly di sti ngu'i shed f rom P.

pul chrum and P. ultimum by its plerotic oospores. P. hypog.ynum i s

distinguished from P. rostratum by the ma'inly hypogenous antherid'ia and

mostly termìna1 oogonia.

Prrthtum ultimum (Trso)

Hyphae 2.8-6.9 um, average 3.8 um, in diameter, branched, septate

onìy'in old cultures. Sporangia spherìcal, usually termìna1, 8.6-27.2

Uln¡ average 18. B um 'in di ameter, wal I thi ckness 0. 7 um. Oogoni a smooth,

spherical, (Plate 4Aa) terminal, occasionally intercalary 12.4--22.0 um,

average 20.8 um in diamet,er. Antheridia, one per ogon'ium, monoclinous,

occasionally diclinous. Oospores ap'lerotic, single, spherical, 12.2-18.4
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Um average ,l6.4 in dìameter, w'ith the smooth, thick wall, containing a

single central reverse gìobu'le and refringent body. The measurements

agree well with those of Middleton. The predom'inance of monoclinous,

sharply curved, and swollen antherìd'ia whjch, according to fr4iddleton, js

the chief characteristic that serves to distinguish P.ultimum from

P. debaryanum. Confi rmed by the Commonwea'ìth Mycological Institute No.

285716.

P.vbhtum vexans (de Bary)

Mycelium fine, branched, up to 5 um wide. Sporangia term.inal or

intercalar5., pyriform, ovoid, 17.3-23.7 um average 21 pm ìn diameter,

usual'ly germinating by germ tubes. Oogonia spherical, smooth, (Pl ate

4Ba), termìnal on short lateral branches from 15.0 to 27.5 vm average

21.7 um in d'iameter. Antheridia 1 per oogonium, monoclinous arising

bel ow the oogoni um or from the mai n hyphae. Antheri di al cel I s I arge

typica]'ly be]1-shaped. Oospores aplerotic, smooth measuri ng 11-23 um

average 18..l um in diameter, wall 1.2 vn thick.

The monocl'inous bell-shaped antheridia easi'ly distinghish P. vexans

from other species with spherica'l sporangia and aplerotic oospores.

lvthir¿m volutum (Vanterpool and Truscott)

P.vthium volutum has not been recorded in Australia before, Ísolates

of this specìes have been obtained from Virginia, Stratha'lbyir and

Mortlock Experiment Station so.ils, and from diseased roots of barley.

The three strains frorn these respective regions showed no cultural

differences, and were included in the same species.
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Mycel i um non-septat,e, I ustrous, w'i th an aer i al tendency i n cul ture,

radial qrowth on cornmeal agar of apprcximately 10.0 mm i n 24 hr at

25oc. Optimum temperature for growth is 2soc. Appressoria present,

consisting of 'lateral falcate structures with rounded ends.

Sporangia inflated fi lamentous w'ith smal I lobes, or torulojd

outgrowths. Discharge tubes about 50 x 3-4 um. Encysted zoospores

bifìagel lat,e about 10 to 14 um in diameter. 0ogonia smooth,

subspherìca1, dark brown terminal on short s.ide stalks, (Pìate 5a)

formed copiously 'in culture, but a ìarge percentage remain sterìle,

measunÍng 19.2 to 40.0 um average 3C um in diameter. Antheridia

typical ly dicl inous, (Plate 5b) rarely monoc'l inous, producing 3 to j0

antherid'ia per oogonium, the stalks entwining the oogonial stalk (P'late

5c). A single sta'lk produc'ing 1-4 antheridial cel ls which are straìght

or crook-necked, clavate, making narrow apica] contact with the

oogonium. Oospores apìerotic, smooth spherical to oblong on average

di ameter 
.27 

.5 um, oospores wa1 1 2. 0 um conta.i n.i ng 1 reserve gl obu I e and

a single refringent body. This species may be distinguished from others

on the antheridial character alone. The antheridial branch is usua'l1y

diclinous in origin and is helicoidally disposed about the oogonial

stalk, usual 1y only a singìe antheridial branch coils about the

supporting branch" P. volutum is a moderately low growing species.

According to Middleton (i943) the macroscopic aspect of mycel ial
devel opment o'F P. vo'lutum resembl es that of many stra j ns of p

aerhenomanes t,hough P. volutum'is quite distinct morphologically from

P. arrhenomanes, The difference between the two species is further borne

out by their temperature growth responses as reported by Vanterpcol

(1938). According to Van der Plaats-Niterink (198'l), among the specÍes
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with filamentous inflated sporangia, only two other described species,

P. helicum and P. zi ngi beri s show similar characters. These species

have about equally large oogonia and oospores. They may diffen in that
l

P. helicum has main'ly monoclìnous antheridia and P. volutum and P.

zinsiberis have mainìy diclinous antherjdia. The description of P.

zingiberìs is somewhat confusing, and does not agree with the figures.

P. helicum and P. zingiberis are possibly synonymous with P. volutum,

Confirmed by Commonwea'lth Mycological Inst,itute No. 27g3OB.
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A

B.

c.

D.

E.

PLATE 1

Pythi um achanti cum. 0o/goni um ( a) wi th short monocl i nous
ãntterî¿i umTE). r

Scale bar = 16 um

Pythium Crbaryanum. 0ogonia (arrows).
. Scale bar = 20 um.

Pythium echÍnulatum. Oogonium (amow).
Scale bar = 21 um.

Pythium iwayamai. SpherÍcal sporangia.
Scale bar = 14 um.

Pythi um

antherì d
iwa.yamai.

ium (b).
Scale bar =

Slìghtly ap'lerotic oogonium (a) and

15 um.

F Pythium paroecandrum. Oogonium (a) and antherjdia (arrows).
Scale bar = 14 um.
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i rresul are

D.

Prrt^hium rostratum

E

PLATE 2

Pythtum

A.

B.

c.

Typical spiny oogonium (a) with monocrinous anther.idium (b).
Typicaì intercalary oogonìum (a).

0ogonium (1) with falcate antheridium (b).
Scale bar for A,B,C = 15 um,

Germinating sporangi um.
Scaìe bar = l0 um,

F

Oogonium (a) and hypogenous antheridium.
Scale b'ar = 13 ur.

Vesicìe (a) tube (b) and sporangium (c).
Scale bar = 15 um.
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Pythium grami nicol um

A,

PLATE 3

B Di agram show'ing termi na'l , smooth oogoni a (a) antheri di a w'ith
antheridial cells crook-necked clavate (c).

Scale bar = 5.77 um.

Inflated sporangia.c.
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D.

A.

B.

c.

PI-ATE 4

P.vthi um ul timum. Oogoni um (a).
. Scale bar = 11 um.

Pythi um vexans. Oogon'i um ( a).
Scale bar = 14 um.

Pythium oligandrum (a). Echinulate oogoñium.
Scale bar = 15 um.

Pythium oligandrum. Sporangium.
Scale bar = 17 um.
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PLATE 5

Prrthi um vol utum

Terminal, smooth oogon'ium (a), diclinous antheridia (b), the antheridial
stalks entwining the oogonia'l stalk (c).

Scale ban = 29 um.
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CHAPTER 4

THE E OF ENVIRONMENTAL FACTORS INFLUENCING ?YTHIUI'| SPECIES Oil
BARLEY

A. INTRODUCTION

In recent years the importance of the roìe played by environmental

factors in controlling the activities of soil microorganisms has been

widely realized. In the field of pìant pathology an exampìe is provided

by studies on the influence of so'il temperature and pH on the incidence

of damp'ing-of f di sease of seedl i ngs ( R<, "h and Ri ker, 1943 ; Leach,

1941 t lrlright, 1957 ; Griffin, 1g58). In the zoo'logica'l I iterature a

number of papers deal with the effect of the soil regime on soil

organisms (Parry, 1954; t¡Jallace, i954, 1955a,b, .|956a,b,c, 
1958a,b,c,

1959,a,b ; Colìis-George and Blake, 1959). An understanding of t,he

importance of soil water is available in the st,andard text-books and

various papers (Childs and Collis-George, i950a ; Richards and Wadleigh,

1952 ; Baver, 1956 ; Black, 1957 ; Marshall, 1959 ; Russell, 1961 ;

Griffin, 1963, 1969, 1972, 1977 ; Cook and Papendick, 1970a, 1972,

1978 ; Dunìway, 1973, .|976b, 
1g7g ; Cook, 1973, l9B0 ; papendick and

campbell 1975 ; schoeneweiss, 1975 ; Baker and cook, 1974 ; Kozlowski,

1 e78).

Little research has been done on the influence of environmental

factors of Pythium in cereals in Australia. The results of my field
survey (Chapter 2) raise questions concerning the influence of environ-

ment,al factors on Pythium spp. that might be answered by experiments.

INFLiJENC
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Bar'ley is grown in the southern part of South Australia where

rainfall is hìgher and temperatures are lower than in the arid north

(Figure 1). t¡lithin the barley growing area annual rainfall increases and

temperature decreases from north to south. Such climatic differences

p1 us differences in soi I pH are l'i kely to i nfl uence the soi l

environment, particularly the level of soil water and So, in turn,

influence the abundance of P.ythium and the amount of disease .it causes

in the barley crop. The a'ims of the folìowing experiments descrjbed in

this chapter are to determine:

1. the relationsh'ip between soil water and djfferent species of

Pythium on the growth of barley,

2. 
"l¡e 

relationship between soÍ1 water and inoculum density of

P. 'irregulare on the growth of barley,

3. the relationship between pH of the medium and growth rate and

reproduct'ion of Pythi um,

4. to determine the influence of temperature on the rate of

growth of Pyth'ium spp. and on root d'i sease i n ba.rì ey

seedl i ngs.

THE RELATIONSHIP BETI.IEIN SOIL WATER AND NINE SPECIES OF PYTHIUM ON
THE GROI,ITH OF BARLEY

8.1. Materials and Methods

The Pyth'ium spp, used in the pot, experiments and their orig'ins are

as fol lows: P. acant'ichum P. echi nul atum P. ol'i gandrum, P. rostratum,

P. paroecandrum were i so'lated

i rregu I are,

from barley soi'|, and P. debar-yan.lm, P.

rami ni col um P. P. volutum were isolated from diseased

roots of barley seedlings. Pythium spp. were grown separately on Difco

cornmeal agar at 25oC for 48 h. Two plugs of medium were taken from the

B
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margin of the growing cultures and inoculated into sand cornmeal culture

medium (5 g cornmeaì, 95 g sand, 15 ml sterile distilled water).

Inoculation was achieved by mixing 4-week old sand cornmeal medium of

each Pythium spec'ies with pott'ing soil at a rate of lZ w/w prìor to

sowing barley seed. All barley seed used orìginated from a sìngle seed

lot of the cultivar Clìpper. Damaged seeds were removed and planting

tests showed the seed to be free from fungal infection. Seeds were

surface sterilized in 1% sodium hypochlorite-absolute alcohol 2=1 (v/v)

then rinsed in sterile distilled water immediately prÍor to use. There

were 3 seeds per pot. A sandy loam field soil was steril'ized and 300 g

were pìaced in each pot. Pots, 11 cm high and 8 cm in djameter" allowed

uninhib'ited root growth of seedlings. All experiments were done ìn a

growth chamber at 15o r loC with 12 hr light per day. Soil in pots was

maintained at the required level of soi'l water 25, 50, 75, 902 field
capacity, by dai'ly weighìng of pots. There were five repìicates per

treatment. Experiments lasted four weeks and at the conclus'ion seedlings

were removed from so'il, washed and measurements of total length and dry

weight of shoots and roots were made. There was a close correlation

between 'length and dry weight for both shoots and roots. Data were

anaìysed by anaìysis of variance, regression and Duncants multiple range

test using appropriate transformation to normaljze data.

The moisture characteristic curve of the soil used in experiments

was det,ermined as follows: three sampìes of the soil passed through a

2 nn sieve were moistened and placed on moist fi lter paper inside

sint'ered glass funnels and suctions r.¡f -0.98 to -19.6 KPa (10 to 200 cm

of water) vrere applied for two weeks before their soil moisture contents

yere estimated. Suctions of -'l00, -500 and -1500 Kpa were obtained using

a pressure chamber apparatus. Plastic conduits (2.5 cm long, 3.5 cm
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internal d'iameter) were filled with the moist soil and placed on top of

a hìgh pressure ceramic pìate in the chamber. Pressure was appfied for 2

weeks usi,ng a compressed air cylinder. The moisture characteristic curve

of the sandy loam soil used in the experiments is shown in Figure 5.

8.2. Results

The influence of n'ine species of P.vthium and a control treatment

with no Pythium on the dry we'ights and lengths of shoots and root,s of

barley seedlìngs indicated that some species were sign'ificantly (p <

0.01) different from others in the'ir effect on the seedlings. There

were close correlations between dry weisnts and 'lengths and between

roots and shoot measurements. Hence, results in Figure 6 show only the

influence of Pythium species on mean length of shoots. A statistÍcally
significant 'interaction (p < 0.01) was obtained betv¿een Pythium spec'ies

and soil water on lengt,h of shoots, hence it 'is necessary to d'iscuss

reiative pathogenicities of the nine Pythium species in terms of the

response . to so'il water. The int""u"tion is explained by the rnarked'ly

high inhibition to plant growth caused by P. irregulare, P. volutum, and

P. gramjnicolum at the hi gher 'levels of soil water. In the controls and

most of the other Pythium species shoot growth increased as soil water

increased. In practica'l terms 'it is possible that the most serious

reductions in barley growt,h due to Pyth'ium occur when soils are close to

field capacity and where population densities of such species as P.

irregulare are hj gh.
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F'igure 5 : Moist,ure characteristic curve of experimental soil.
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Figure 6 : The influence of nìne species of Pythium on the lnean
heìght of shoots of barley seedlings 4 weeks after sow'ing
at four levels of soil water 25, 50, 75 and 902 field
capac'ity. There were five replicates per treatment.
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8.3. Discussion

There

incÍdence o

grami ni col um

58

is a high positive correlation between soil moisture and the

f disease on barley seedlings caused by P. 'i rregu I are, P.

and P. volutum. There are many references to the effect of

changes in soil moisture content on the 'incidence of various diseases.

Garrett, (1938, 1939, 1944) concludes that diseases caused by phycomycete

fungi are notably favoured by high soil mojsture levels. Roth and Riker

(1943) observed that damping-off of red pine seedlings caused by P.

irregulare increased linearl y as so'il moisture was increased from 157. to

907" M. H. C. (moi st,ure hol d'i ng capacì ty). 0n the other hand Kerr ( 1964)

showed tha- the importance of soil moisture is in ìts influence on the

amount of sugàr exuded from pea seeds, which determi nes disease

incidence. My results may be'interpreted as indicating an indirect

effect of soil moistune; that is, soil moisture may affect soil

aeration, this in turn playing a major role in the development of

physiological malfunction (d'isease) caused by Pvth'ium. Pythium spp. as
('/

phycontycetes, are probably wel l ad/nt,ed to a semi-aquat'ic envi ronment,

w'ith resultant lov/ oxygen tensions. Also, since the results indicated

that normal root growt,h of barley plants (control) was not affected t,o

any great ext,ent by soil moisture over the range employed, the influence

of soil moisture upon disease development, may be more closely

associated with the pathogens than the host. The preceeding results

demonstrate that soil moisture has a sign'ificant effect upon the

development of barley root rot, and that damage by Pythium can probab'ly

be greatly reduced by man'ipulation of soil moisture.
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c. THE RELATIONSHIP BETI{EEN SOIL I^IATER AND INOCULUI4 DENSITY
IRREGULARE ON THE GROI.ITH OF BARLEY

OF P.

I

i

C.1. Materials and Methods

Six inoculum levels (0, 0.5, j, 2, 4, 8 e/100 g of soil) of P.

irreeulare similar to those found under fìeld conditions, and four

level s of soi'l water (25, 50, 75, 907, f ie]d capaci ty) wi th f i ve-fol d

replicatìon were used in a factorial experiment. The material and method

used were similar to those described in Section 8.1.

C.?. Results

Length and dry weìght of shoots and roots were measured. As lengths

and weights of roots and shoots were closely correlated only the results

for shoot length are given (Figure 7). Analysis of variance indicated

that for all measurements of shoots and roots, soil water and jnoculum

density had sign:ficant (p.0.0'l) effects, There was also a significant

interacti'on (p . 0.01) between soil water and inoculum densìty because

P. irregulare appears to be particularly inhib'itory at certain levels of

soi I water. A Duncan' s mul t'ip'le range test was used to hel p i nterpret

the dat,a and the following conclusions were drawn :

1 As inoculum density'increased barley growth decreased.

As soil water increased from 25 to 907. of field capac'ity, bar'ley

growth decreased except in t,he uninoculated controls and the lowest

inoculum ìevel of 0.5 g of inoculum/100 g soil where growth

markedly increased. This different response at low and high

inoculum levels was responsible for the interact'ion. This result

2.
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Figure 7 : The influence of inoculum density of Pythium
on the mean height of shoots of barley seedì

i rregu I are
ings 4 weeks

after sowing, at four levejs of soìl water 25, 50, 75 and
907. field capacity. There were five repì icates per
treatment. Numerals at the ends of the graphs denote 7"

fieìd capacity.
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supports the hypothesis that at least for P. irregulare inh'ibition

in growth of barley seedlings is associated with high popu'lation

levels of the fungus and soils approachìng field capacity. The

biologìca1 explanation of the 'interaction is open to several

interpretations which onìy further stud'ies can elucidate. Thus high

levels of soil water may reduce the resistance and tolerance of the

p'lant to attack by P. irregulare, oF infect'ion by the fungus may

reduce the tolerance of the p'lant to high soil water levels and

consequent lack of aeration or soil water may influence the

infectiv'ity of P. irregulare through mobility of ìts zoospores if
they are produced.

D. THE RELATIONSHIP BETHEEN pH OF THE MEDIUM AfiID GROI.ITH RATE OF PYTHIUM

The experiments were designed to test (a) linear growth and (b)

weight of growth of mycelium of Pythium

varying pH.

i rregul are on substrates of

D.1. Linear growth of P. irregulare on different pH substrates

D. 'l . a. Materf al s and Methods

A graduated pH series of Difco cornmeal agar plates was prepared.

There were eleven treatments: pH 3, 4, 5, 6, 7, B, 9, 10, 1.l, 1l2,13

with four replicates for each treatment. The pH of the med.ium was

adjusted by adding citric acid and/or potass'ium hydroxìde.. A disc cut

with a No. 1 cork-borer of growing mycelium of p. irregulare from a

three days Difco cornmeal agar culture was inoculated at the centre of

each 9 cm Petri dish containing 10 ml of the Difco cornmeal agar medium,
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and incubated at 25oC for 24 h. Linear growth of the myceìium was

measured along four radii of each repficate. A randomized complete block

design wa's used.

D.1. b. Results

The relationship between pH of the culture medium and linear growth

rate of P. irregulare (mean value of 4 replicat,es) is shown in Figure 8.

The maximum, optìmum and min'imum pH values for growth are shown to be

.l1.0, 6.0 and 4.0. The analysis of variance showed that there are highly

sìgnificant differences (p = 0.01) between linear growth of myceìium at

different pH of the medium.

0.2. The growth of
determined by wei

P irregulare in different pH liquid cultures as
ob of myce'li um

D.2. a. Materials and l,lethods

The liquid culture used was cornmeal 50 g/l distilled water. A

graduated pH series of the liquid culture was prepared. There were

eleven treatments as described in Section D.1.a., and four replicates.

75 ml of each solution were placed in 250 ml Erlenmeyer flasks,

autoclaved, inoculated with two discs, cut with a No. 1 cork-borer, of

growing mycelium of P. 'irregulare from a three days Difco cornmeal agar,

and incubated at 25oC for two weeks. After two weeks t,he mycelium was

harvested by filtering mycelium t,hrough l,lhatman No. 2 f ilter paper dried

at 65oC and weighed. The final pH of the medium was measured.
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Figure I : Relation between pH of the medium and linear growth- of
P.vthium irnegulare. Mean values of four replicates L.S.D.
= 2.1, P = 0.01.
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D.2. b. Results

The rejationship between pH of medium and weìght of myce'lial growth

of P. irregulare is shown'in Figure 9. The optìmum pH value for mycelia'l

growth is 6.00 and the minimum is 4.0 (initial pH). There were

significant d jfferences (p = 0.0'l) between weight of mycel ia'l growtlr at

the different pH's of the medium. Over the range pH 4.0 - 9.0 the growth

rate (linear and weight) of the fungus was high. A good correlation was

found between radial growth on Difco cornmeal and we'ight of mycelial

growth in liquid cu'lture at pH 6.00. The data show that P. 'i rregul are

can grow (linearly and ìn weìght) at relatively high and low extremes.

It is l'ike'ly that. the mechanism whereby pH influences Pythium, dìffers

according to the concentration of hydrogen ions. Because the pH of the

med'ium 'is probably affected during growth by metabo'lic activities, a

final reading of pH of the medium is required. It is like1y that the

fungus raised the pH of the medjum which was initially unfavourable, by

absorption of anions or product'ion of ammonia from nitrogenous compounds

and on the other hand lowered the pH of the medium which inìtially was

high by formation of organic acids or absorpt'ion of cations, (Cochrane,

1958). The results of the expeniments confirm the work of Roth (1935),

Roth and Riker (1943), Carrera (1951 ) and Griffin (1958) that Pythium

spp. grow over a wide range of pH with excellent growth from pH 4.5

7.0.
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Figure 9 : Relation between pl-l of the medium and dry weight of
Pythium irregulaE mycelium aften two weeks incubation at
25oC. Mean val ues of four rep'li cates L. S. D. = 6.'19, p =
0.01
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E Production of oogonia and sporangia of P.
pH levels of media

irregulare at different

E.1. Matdriats and Methods

The material and method used were as described in Section D.1.a.

There were e'ight pH treatments : 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0,
.l.l.0, and four rep'licates. After ten days incubation, the number of

oogon'ia and sporangìa within the microscopic field were counted at

random in each plate using an ocular micrometer grid.

8.2. Results

The mean values of the number of oogonia or sporangiu p"r.r2 are

given in Table 10. The analysis of variance showed a significant

difference (p = 0.01) between numbers of oogonia or sporangia formed at

different pH of the medium. A pH of about 9.0 appears to be optimum for

the formation nf sporangia. Also, there appears to be an inverse

relationship between oogonia and sporangia formation i.e. as sporangia

increase, oogonia decrease. It is poss'ible that sporangia inhibit

oogonia, thus oogonia have two optima at high and'low pHs when sporangia

are inhibited. Th'is may indicate that, sporang'ia are more sensitive to
extremes of pH than oogon'ia. A negression between the two variable was

made to see whether sporangia'l production is inversely related to

oogoniaì product'ion (Figure 10). However, the fact that the correlation

between sporang'ial and oogonia'l production is'insignìficant throws doubt

on this idea and suggests that further experiments are required.



Table l0 : Influence of pH on the formation of oogon.ia ands
lain P.vthi um i rregul are grown on Di fco cornmea

days at, 25oC.ten
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porangi a
gar for

pH of medium *Number of sporangia/

c^2

*Number of oogonia/

cn?

4.0

5.0

6.0

7.0

8.0

9.0

10.0

ll.0

60

72

75

100

88

116

76

0

28

27

18

12

6

10

33

0

LSD = 5.11 p = 0.01

* Mean value of four replicates.

LSD=7.22 p=0.0.l
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F. INFLUENCE OF TEHPERATURE ON I'IYCELIAL GROI.ITH OF PYTHIUM SPECIES AND
ON DISEASE SEVERITY

The purpose

temperature on

quantì tati vel y,

of this study was to evaluate the influence of

mycel i al growth of Pythì um i rregul are and to

evaluate the severity of barley root disease induced by

P. i rregu I are.

F.1. Materials and methods

Determination of the growth rate of the fungus

Some -f the difficulties involved in measuring fungus growth rates

have been reported by Fawcett (1921). l-he time factor is importaÅl-.but

it i s dì f f i cul t to achi eve comparab'le rates wi t,hout sel ecti ng more or

less arbitrary periods for the different temperatures. Measurements on

D'¡fco cornmeal agar were obtained by pìacing a 2 mm disk of agar from

the periphery of a young fungus colony, in the centre of agar plates. At

each temperature, radial growth was measured at intervals of 24 hours

until the colony'approached the edge of the 9 cm Petri dish and the

average growth in mm per 24 hour per"iod was calculated. There were five

rep'licates per treatment. Near the optimum temperature, the maximum

growth permitted by the dish was sornetimes reached within 48 hours

whereas at low temperatures several days were requ'ired. The growth rate

of P. irregulare was also determined by dry weight y'ield in a liquid

mediunl. 75 nrl of corntneal ìiqu'id medium were placed in 250 ml Erlenmeyer
I

flasks, autoc,á\Jved, inoculated with 2 mm disk of agar from neai. the

periphery of a young fungus co'lony. There were five replicates at each

temperature. Ihe 'length of the 'incubation period had to be adjusted

according to the rapid'ity of growth. At the end of the incubation period
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the fungus colony was separated from the medium in a filter and then

washed, dried at 65oC and weighed. The growth rat,e was measured by the

average weìght of the dried colony per 24 hours after inoculation.

Pathogencity Test

Pythium irregulare was grown on Difco cornmeal agar at 25oC for 48

hours and then two discs of 2 mm each were cut from the margin of the

grow'ing culture and inoculated int,o sand cornmeal culture medium

(Chapter 4.8.1. ). After 4 weeks the inocula were ìncorporated into

sterilized sandy loam pottìng soil (300 g soiì per pot,) at a rate of 17.

w/w prior to sowing. Bar'ley seed (cv, Clipper) used was previously

surface sterilized (Chapter 4.8.1.). There were thnee barley seeds per

pot (11 cm high x I cm diameter). Treatmenüs consisted of barley seeds

pì anted i n steri I i zed, non i nfect,ed soi I (control ), and barl ey seed

planted in sterilized, artificìally infested soil with P. i rregul are.

The experiment was done Ín growth chambers at 130, 21o, 29aC, v¡'ith 12

hours ìight per day. Soil in pots was maintained at, a const,ant moisture

of 757. field capacity by daily we'ighing of pots. There were five

replicates for each treatment. After 4 weeks the measurements of 'length

of roots of barley seedlings were made, by chopping the root,s into about

1 cm pieces and using a Coma'ir Root Length Scanner.

F.2. Results

1 Determination of fungus growth rates.

As Table 11 shows the optimum temperature for linear growth of P.

i rresu I are appeared to be between 25oC and 30oC. This agrees with



Table tl :

7"1

Myceìiaì growth rates of Pythium irregulare on solid and

liqu'id medium at different temperatur"r.o

Temperatu re
oc

Solid medium Liquid medium

nn/24 hours ne/24 hours

4

I
-12

t6

20

25

30

35

40

0.7

4.3

12.6

18.7

23.1

32.4

29.5

8.0

0

1.0

3.9

13. 0

18.3

22.8

31.7

14. 8

9.5

0

* Mean value of five replicates.
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the results obtained by Middleton (1943) who found the optìmurn

growth rate at zBoC. The growth rate of P. irresulare on solid a nd

ìiquid med'ium was sim'ilar over the range 4 to 40oC, but growth at

30oC was less in the fiquid medium. Most writers have shown that

measurement of fungaì mass 'is more reliable than 'linear growth.

2. Pathogenicity Test.

Pythi um irreguìare was recovered from roots and soil of the

various infestation treatments, Fìnal soil infestation level was

358 colonies of fungus/g dry soiì measured by the soil plate method

(l^larcup, 1950). Root lengths of ,-,arley seedl Íngs grown 'in P.

ìrregulare infested soil were si gnificantly reduced (p = 0.01)

below those in uninfested soil (F'igure 11 ). A significant

interaction ( (p = 0,01) between the seve.ity of infection induced

by P. irregul are and temperature was found. Root lengths of

seed'lings infected with P. jrregulare at 13oC were about 527" lower

than uni nfected seedl 'i ngs grown i n the same envi ronemntal

conditions, whereas at 21oC and 29oC root length of infected

seedlìngs were on'ly reduced by about 152 and 5Z respective'ly.

F.3. Discussion

The 'inf I uences of envi ronment on di sease severì ty of bar'ley

seedlings 'infected by Pyth'ium is difficult to evaluate, Foliar symptoms

of infected plants or even the root s¡rmptoms are not clear'ly specÍfic.

However, as shoot and root, systems of barley plants infected by Pythium

are restricted in growth, the influences of environment on disease

severity can be objectiveìy evaluated by measuring root or shoot length
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Figure ll : bar'leyThe 'influence of temperature on the severity of
root disease ìnduced by Pyth'ium irregulane.

{T Mean val ue of f i ve rep'l i cates.

LSD = 0.67 p = 0.01

control --- infected roots
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of infected and uninfected p'lants. Diseases caused by Pythium spp. are

reported to be most severe at temperatures unfavourable for gr owth of

the host irrespective of the optimum temperature for the growth of the

fungus (Lumsden and Haas'is, 1964 ; Biesbrock and Hendrix, 1969). My

studies support th'is conclusion. Growth reductions induced by this

fungus were most severe at 13oC whereas the optimum for growth of barley

roots is 20oC (Ranson and Parija, 1955) and the optimum for myce'lia'l

growth was between 25oC and 30oC. The results of my studìes agree wÍth

the fìndings of prior temperature studies involving this pathogen

(Hendrìx etjrl.. 1966; B'iesbrock and Hendrix, 1969).

My ro'ults concerning relationshjps between Pythium spp. and soil

,,åt"r, inoculum density and soil water, as well as the relat,ionship

between Pythiqm spp. and temperature, 'indicate that winter and spring

rains probably pro.duce perìodica'lìy saturated conditions in the field.

Such conditions, together w'ith low temperatures may favour the

multiplication, liberation, dispersa'l and infection by !ylhj_r. inocula

as well as lowering the tolerance of the host plant to'infection.
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CHAPTER 5

ÏHE EFFECT OF PYTHIU4 IRREGULARE AND PRATYLENCHUS THORNEI ON THE GROWTH
OF BARLEY AND hIHEAT

A. INTRODUCTION

The nematode Pratylenchus thorne'i, like Pythium irregulare, is

common in South Australia anC has a wide host range (Grandison and

hlallace, 1974 ; 0'Brien, 1982). Both are pat,hogenic on cereals

(especial'ly wheat and barley) ìn various regions of the world, inc'lud'ing

South Australia (Vanterpool and Truscott, 1932 ; Thorne, 1961 ; Baxter

and Blake, 1968 ; Prasad, 1972 ; Van Gundy et al., 1974; Orion et al.,

1979 ; Thompson et al., .1980, ; Cook and Haglund, 1982). Pratvlenchus

species are often associated with pathogenic soi I fungi such as

Rhi zoctoni a solanj on wheat and Vertic'ill'ium dahliae on potatoes (Baxter

and Blake, 1968) causjng serious disease.

In this study the pathogen'icity of Pythium inregulerg was assessed

and compared with that of the nematode Prat.ylenchus hornei ìn wheat and

barley. The influence of the two pathogens singly and in combination was

assessed to test the hyp:thesis that a statistical interact'ion occurred

between the two in their effect on the host p'lants. It is possible that

aìthough P. irrregulare is very pat,hogenic on its own, in association

with a nematode such as Pratylenchus thornei the pathogenic effect might

exceed the sum of the two separate effects.
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B. Materials and Methods

A sandy-loam soi I was steam-sterì I ized, adjusted to 807. field

capacity by we'ighìng and p'laced in pots 11 cm h'igh and 8 cm diameter.

Pythi um irregulare was cultured on Difco cornmeal agar at 25oC for 48

hours. Two pìugs of the medium were taken from the margin of the growing

cul ture and i ntroduced i nto a sand cornmeal medi um ( Chapter 4. B. 1 . ).

Inoculum was prepared by mixing 4 week old sand cornmeal agar medium

containing P. irresulare with potting soìl at rates of 0, 1 and 27. w/w,

(Po, Pl, P2 in Figures 12-13). The wheat cultivar Festiguay and the

barley cultivar Clìpper were chosen as hosts as they are widely grown in

South Australia, Seeds of wheat and bar rê¡l werê surface sterilized by

dipping in 17. sodium hypochlorite for 1 min followed by three washes in

sterile distilled water. Seeds were pregerminated and selected for

uniform'ity; three seeds were planted per pot. The pots were placed in a

growth room at a temperature of l5oC wìth 12 hours 'light per day.

Pratvl enchus tho¡nei was recovered from a wheat-field soil using a

Seinhorst. elutriator followed by a c'leaning procedure in which the

nematode suspens'ion was washed on to a 300 mesh (50 Um aperture) sieve

and then through a double layer of tissue papen. A bulk suspens'ion of

380 P. thornei per m1 was attained. The suspension contained 947" P.

thornei , 27. Pratylenchus spp., and 47. free liv'ing nematodes. Inoculum

levels of 1, 1900 and 3800 per pot (Ns, N1, N2 in F'igure i2 and 13) P.

t,hornei were used and inoculation occurred one day aft,er planting the

seedlings, Nernatodes were introduced into the centre of the pot.

There were three repìicates per treatment arranged as three

each of which contained all nine treatments (P6Ne, PoN1, PoN2,

bl ocks

P1 Ns,
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P1N1' P1N2, P2Ns, PzNl, PZNù. The treatments \¡/ere completely random'ised

on the growth room bench in each block. Pots were weighed every other

duy, water being added to bring them to the required weight equivalent

to B0Z field capacity. Every third day heights of plants were recorded.

33 days after sowing, plants were removed from pots, numbers of P.

thornei i n t,he soi I assessed and he'ights and dry wei ghts of shoots

determined. Total legnth of roots was assessed usìng a Comain root
'length scanner. Nematodes were extracted from roots which were then

oven-dried and weighed.

Data were analysed by ana'lysis of variance and L.S.D.ts calculated.

C. Resuìts

P.vthì um irresulare and the nematode Prat .yl enchus thornei each at

three population levels were inoculated ìnto pots

barley or wheat. The results are shown in Figure 12

variance indicated that host (barley or wheat), P.

contai ni ng eì

and 13. Analysi

irregulare and

ther

sof
P.

thornei all had si'gnificant (p < 0.05) influences on shoot height. An

increase in the population levels of both pathogens was associated with

a decrease in mean shoot height. Pythium i rrequl are had a greater

inhibitory effect than Pratylenchus thornei. There was a s'ignificant

statistical interaction (p < 0.05) between host and P. irregulare. Thus,

a'lthough shoot height in barley decreases as the population level of P.

i rregul are i ncreases , i n wheat the p'i cture i s qui te di f ferent. In whea+-

the mean shoot height of plants infected with P. irregulare (Pi, Pù is
significantly greater than that in uninfected plants (Po). There was no

statistical interaction between nematode and fungus on shoot height, of
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Figure 12 : The effect of P h'ium i rregul are and Praiyl enchus thornei
on shoot heights
LSD's (P = 0.05):

arl ey and wheat after 33 days.

Host
Nematodes
Pyth i um

= 3.04
= 1.086
= 1.086
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Figure 13 : Prat I enchus
wheat a ter

thornei
3-days.

The effect of Pythium irregulare and
on total root lengths of barley and
LSD's (P = 0.05):

Host
Nematodes
Pyth'ium

=NS
= 1.21
= 1.21
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eit,her bar'ley or wheat i the two patlrogens seem to act independently.

The results for shoot weight were similar to those for shoot height.

The results for root measurements are given 'in Fìgure 13. Analysìs

of variance indicated that P. !þq¡neì inhibited root growth 'in both

bar'ley and wheat. In barley, P. irreeulare !\,as also inhibìtory but, to a

greater extent than P. thornei. A statistical interactìon between host

and P. i rregul are agai n 'ind'icates the di fferent response of the two

hosts to t,his fungus. In wheat, increase in P. -irregulare inoculum is

not associated with decrease in root length. The data for dry root

weights give the same picture as that for total root length. As with the

shoots thu, ê \{as not a signif icant statist'ical interaction between

lungus and nenratode on the root,s.

The nesults in Figures 12 and 13 suggest that barley and wheat

respond s'imi'lanìy to i nfecti on by the nematode, P. thornei and the

reductÍon in shoot and root growth is simìlar. P. irregulare on the

other hand is more pathogenic in barley than in wheat. There was no

evi dence that the f ungus and nematode acted synergi st,'ica'l 'ly or

ant,agon'istical'ly in theilinfluence on p'lant growth i.e. they appeared

to act independently of each other. It is possible, however, that

nematode and fungus influence each other in other ways.

Microscopìc examination revealed that P. thornei was attracted

main'ìy to root hairs of wheat and produced "stubby root hairs" (Plate

6.4). Lesions on the main roots did not develop at this stage but some

P. thornei were seen in the cortical parenchyma. Lesions normally take

sìx weeks to develop (Baxter and Blake, 1968). Root hairs of barley were

not affected by P. thornei as in wheat. The primary roots of barley were
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Plate 6

A. Damage by Pratylenchus thornei on whe t root hajrs (1000x).

B Pyth'ium i rregul are i n j ti at'i ng root rot of barl ey ( 50x).



9 3lvld



82

1

Plate 7

Semì nal root of a barl ey seed'l i ng i nfected by Pyth'ium
(50x).

'i rregul are

Different stages of infection by Pythium
barley roots (20x).

i rregul are on semi nal2.
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Plate 8

A, Hea'lthy root l'.-irs of barley.

Co'l 
'lapsed bar'ley root hai rs due to Pythi um

( 20x ).
B irresulare infection
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the main sites of attack bV _P._ thornei, Alt,hough the lesions did not

develop, the invaded sites had many air bubbles in the cort'ical

parenchyma, and were easily detected. When such root tissues were tested

under a stereo mìcroscope, P. thornei was detected. Barley roots were

severely affected by P. i rregu I are. Main roots and root hairs showeci

heavy Pvthium damage. Plate 6.8.; Plate 7.1,?; Pìate 8.8, show Pythium

root rot of barley. At the lower level of Pythium (P1) the roots were

rare'ly destroyed at this stage but showed signs of rotting (Plate 6.8).

t'lith the h'igher level of Pythium (P2) seminal root,s were often killed
quick]y after emergence, as is ìndicated by the length of dead root from

the seed (Plate 7.2 arrow). By.assessìng the populatjon of P. thornei on

the hosts it was evident that wheat root. contajned higher numbers of P.

thornei than barley in al1 treatments in which P. thornei was added with

the exception of NzPo. Barley had lower numbers of P. thornei in the

roots but had more nematodes in soil than wheat (Table jZ, l3). hlith

increase in inoculum levels of P. irregulare final population of t.-
thornei decreased. Furthermorer P, irregulare had a greaten 'inh'ibitory

effect on the reproduct'ion of P. thornei jn barley than jn wheat.
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The effects of hosts and Pythium on the number of p.

thornei in roots.

Treatment
Total number of Pratylenchus thornei

per. tot,a'l root

l,lheat Banì ey

PoNo

Pl No

PzNo

PoNl

Pt N'l

PeNr

PoN2

Pt Ne

PzNz

0.00

0.00

0.00

67.00

56.70

43.70

89.30

1 65. 70

114.70

0.00

0.00

0.00

50.70

12.30

10.30

111.00

61.30

54.00

LSD's (p = 0.05)

Host
Nematodes
Pythi um

= 20.01
= 7.78
= 7.78
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Table 13 : The effects of hosts and Pythium on the number of p.

thornei per pot.

Treatment
Total number of Praty'lenchus thornei

per pot after 33 days

hlheat Barì ey

PoNo

Pi No

P2No

PoNl

PtNl

PzNl

PoN2

Pt Nz

PzNz

0.00

0.00

0.00

340.00

350.00

240.00

600.00

450.00

396.00

0.00

0.00

0.00

340.00

280.00

31 0. 00

760.00

51 0. 30

543.00

LSD's (p = 0.05)

Host
Nematodes
Pythi um

=NS
= 36.82
= 36.82
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CHAPTER 6

STUDIES ON PYTHIUM VOLUTUM

A. Introduction

Pythium volutum was first reported as a parasite of wheat, oats and

barley in Canada (Vanterpool and Truscott, 1932) and later of grasses'in

Holland (Van Luijk, .l934, 1938). In 1938, Vanterpool reported P.

vol utum, 'isol ated f rom 'infected wheat seedì i ngs 'in Engl and, as severel y

parasit'ic. P, volutum has also been found in rye and maize (Bisby

et al. , 1 938). In Japan under the name P. zi ngi beri s it has been

recorded fr-,'r ginger (Takahash'i, 1954, 1973 ; Takahash'i et al., 1970)

tomato, watermeìon, H'ibiscus, and morning glory seedlings (Takahashi and

Morimoto, 1954, Takahashi et al., 1970). This is the fìrst report of

Pythium volutum in Australia ; it was isolated among the other species

of Pyth'ium during studi es to det,ermi ne thei r occurrence i n di f ferent

barley soils of South Austral'ia (Chapter 2). Although the fungus has

been recorded'in different parts of the world, as was mentioned earìier,

little is known about it. Therefore, a series of experiments was

initiated to determine whether P. volutum is widely distribúted in South

Australìa, and to assess whether South Austral'ia provides an environment

in whjch it might multìpìy and reach damaging 1eve1s.

B. Occurrence of Prrt,hium volutrlm in different oils of South Austral.ia

B.'1. Materiaìs and l¡lethods

A field survey of barley and wheat fields was conducted on twenty

five sites in South Australia. The location of the sites 'is shown in

Fig. 14, and the characteristics of the soils such as pH, clay content,
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as well as crops and occurrence of P. volutum ìs presented ìn Table .l4.

The survey was conducted during July-August 1984.
l

I

Soil' samples were collected from 0-10 cm deep as described jn

Chapter 2 C.1. For isolation and 'identification of the fungus the

methods descrìbed'in Chapter 2, C.2.1 and C.5 were used.

8.2. Results

The data in Table 14 show that ten out of the twenty-five soils

samp'led contained Pyt,h'ium volutum. Three out of e'ight wheat soìls

contained P. volutum. 0f the soìls invesuigated, P. volutum occurred in

those with'in the pH range 5.5-7.5. t^larcup (1952) found P. ultimunr

abundant in nursery so'ils with pH 6.8-7.2 and rare 'in soils with pH 5.3-

5.5. Remy (1949) recorded Pythium in soils with pH values above 4.5. The

presence of the paras'ite in soils is thus correlated with sllghtly acid

or neutral conditions. Soils under crops generaì1y have a pH range of

5.5-7.5, i.e. the optìmum range for Pythium spp.. Therefore, in barley

and wheat soils whose pH values rangeC from 5.1 to 8.6 the absence of P.

volutum'in some of them can be ascribed to some other factors.

SoiI texture

The soil examìned ranged from 9.57. clay (Murray Bridge) to 29.17.

(Mortlock Experiment Station) Table 14. There seems to be no correlation

between the presence of Pyth'ium volutum and soil texture. 0n the other

hand, Remy ( 1949) found that cl ay soi I s conta'i ned more Pyth'ium spp. than

did sandy soils, The activity of P.vthium is presumab'ly favoured in such
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Figure 14 : Location of the areas sampìed for the occurrence of
Pythium volutum.

l'lap provided by the Department of Lands, South Austral'ia.
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Tabìe 14 : Occurrence of
soi I s.

Pythìum volutum in some South Australian

Samp 1 e
No.

Location and number
of fields

pH Cì ay
7.

Crop Occurrence of
P. vol utum

1

2
3
4

5
6
7

I

9

Avon

Auburn

Gawler Rìver

Mortl ock
LXperi ment
Stati on

Murray Bridge

Roseworthy

Strathal byn

l,li 1 l unga

Vi rgi ni a

t^lai te I nsti tute

8.6 1 6.9

20.2
13. 4
13. 6

7.8 9.5

1

2
3

1

2
3

5.2
5.5
5.1

13.2
13. 1

12.8

B

B

B

t^l

B

B

h,l

+

1

2
3

1

1

2
3

1

2
3

1

2
3

'l

2
3

1

?

5.3
5.0
5.1

29
20
28

5.9
7.1
5.8

7.9
7.6
7.8

7.4
6.9
7.2

50
90

24
23

6.4
6.5

1

3
6

12.35
12.30

B

B

hJ

B

B

B

t^l

B

B

tl

B

B

tl

B

t^l

B

B

tl

+

l
+

:

I
+

+
+
+

10

1l

12
13
14

15
16
17

18
19
20

21
22
23

24
25

12.10

7.5
7.1
7.0

6.1
6.9
6.5

19.28
19.20
19. 16

19. 10
21.60
20.35

11.52
13. 14
11.60

$=
tl=
+=

bar ì ey
wheat
P. volutum was isolated from soil
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soils by their jncreased water holding capacity and resistance to

des i ccati on.

c Relationship between pH of the medium and growth rate
vol utum

of P-ythi um

Experiments were done to determine to what extent pH of the medium

influenced growth of P. volutum.

C.1. Linear growt,h of P. volutum

llaterials and methods

A graduate pH ser"ies of Difco cornmeal agar p'lates was prepared.

There were eight treatments : pH 3, 4, 5, 6, 7, 8, 9, 10 w'ith four

replicates for each treatment. Adjustment of the medium, inoculation and

measurements of the fungus mycelium were done as described in Chapter

4.D.1"a. The experiment was designed in a randomized complete block.

Results

The relationship between pH of the med'ium and linear growth rate of

P. volutum is shown in Table 15.

0ptímum growth of P. volutum occurred at ab ut pH 6.00, the maximum

and m'inimum pH values for growth were 9.00 and 4.00.

An analys'is of variance showed that there were

differences (p = 0.05) in linear growth of mycel'ium

different pH of the medium.

s'igni f i cant

between the
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Table 15 : Relation between pH of the medium and linear growth of
Pythium volutum

Treatment (pH) i+,
Lr near g

(mm/
rowth of P. volutum
24h/at25oC)

3.00

4.00

5.00

6.00

7.00

8.00

9.00

1 0.00

0.00

2.17

6.45

10. 10

6. s9

3.23

1.08

0.00

{t Mean value of four replicates

L.S.D. =1.42, p=0.05
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c.2. The groyth reaction of P. volutum in different
cultures as determined by weightõT-nrycelium

pH liquid

l,laterial and methods

Cornmeal 50 g/l distilled water was used as a'l'iquid medium, and a

graduated pH series of cultures from pH 3.00 to pH'10.00 was prepared.

The materials and methods used were as described in Chapter 4.0.2.a. The

experìment was arranged 'in a randomized complete block,

Resul ts

The relationship between pH of the medium and weight of myceì'ium of

P. volutum is shown in Table 16. Maximum wei ght of mycelium occurred at

pH 6.00, but the fungus grew weìl over a wide range of pH from 4.6 to

8.7 (final pH of the medium). There were sign'ificant differences (p =

0.05) between the weight of mycelium at dìfferent pH values of the

medium. A'lthougl' the fungus seems to grow well 'in a slìghtly acìd pH,

soils with pH < 4.5 may prevent the establishment and survjval of P.

volutum. Soils with neutral or slightly aìkaì'ine reaction probabìy

provide the most favourable condit'ions for establishment and development

of P. volutum.

D. The influence of ternperature on mycelial groyth of P. volutum

D.1. Material and Methods

The effect of temperature on the growth of P. volutum was measured

by placing the fungus on soil at the centre of a Difco cornmeal agar

p'late. Growth was measured at temperatures ranging from 1o to 34oC. The
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Table 16 : Relation between pH of the medium and dry weight of
mycel'ium of P.vth'ium volutum after two weeks incubation at
250C.

Treatment (pH) *Dry weight of myce'lium of P, volutum (mg)

Initial Fi nal

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

3.00

4.6

5.2

6.00

6.8

7.7

8.7

10.00

0.00

28.75

98.46

1 56. 52

142.42

117.06

44.79

0.00

o Meun values of four replicates

L. S. D. = 4.63, p = 0.05
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soil used in this study was taken from an infested barìey field, air

dried and placed in large test tubes, 1.5 cm d'iameter and 15 cm in

length. Soil'in the tubes was moistened and sterilized. After cooìing, a

2 nn disc of cornmeal agar carryìng P. vo'lutum was cut from the marg'in

of a grow'ing culture and placed on the surface of the so'il in each tube,

and in the centre of the agar plates. There were five repl'icates per

treatment. At each temperature the growth of the fungus was measured at

intervals of 24 hours. The average growth of fungus on cornmeal agar and

in soil, per 24 hour period was calculated.

D.2. Results

Data in Table 17 show that the optìmum temperatune was near 25oC

and the minimum between 10 and 5oC when the organism is grown on Difco

cornmeal agar or in so'il. Data indicate that the myceìium did not grow

at loC and that it grew only slowly at soC, moderateìy at 15oC, and

rapidìy at 20oC, 25oC.

E. Varietal resistance and susceptibility of barley to Pythium volutqq

Experi ment,s

bar'ley cu I ti vars

chambers.

on varietal res'istance and susceptibì1ity

to P. volutum infection were conducted

of three

'in growth

E.1. Materials and Methods

The barley cultivars used in this experiment were Clipper, Forrest

and Schooner. All bar'ley seed used orÍginated from a single seed lot of

each cultivar. Damaged seeds v/ere removed and planting test,s showed the
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Table 17 : The mycelia'l growth of
temperature cond i t'ions
soi l.

P.ythi um vol utum at
Difco cornmeal agar

vari ous
and inon

Temperature
oc

oRudiul growth of mycelium
(nm/24h) on Difco cornmeal

agar

*Downward growth of myce'lium
(mm/Zq n) 'in soil

1

5

10

15

20

25

30

3s

0.0

1.5

4.3

5.8

8.1

10. 3

1.4

0.0

0.0

1.2

2.3

3.1

7.6

8.8

0.9

0.0

L.S.D. =0.,l4, p=0.0 1 L.S.D.=0.12,p=0.0,|
* Meun value of five replicates



97

seed to be free from fungal infection. The surface sterilization of

seeds was done as described'in Chapter 4.8.1. There were three seeds per

pot. 300 g of sterilized sandy loam fÍeld soil were pìaced in each pot

each of which measured 11 cm high and 8 cm in diamet,er. Inoculum used

h,as obtained from infected barley roots and grown separateìy on Difco

cornmeal agar at 25oC for 48 h. The inoculation of the soil was done as

described 'in Chapter 4 at a rate of 1 g inoculum/lO0 g soil prior to

sowing barìey seeds. The experiment was done in a growth chamber at 150

t loC with 12 h 1ìght per day. Soil in the pots was ma'intained at 807" of

field capacity by da'ily weighing of pots. The experiment lasted 4 weeks

at the conclusion of which seedl'ings were removed from the soì.l, washed

and measurements of total length of roots and length of shoots v,leie

made. The root length measurements were done by choppìng the roots into

1 cm pieces and using a Comair Root Length Scanner. There were four

rep'licates per treatment randomized in a growth chamber. Data h/ere

analysed by analysis of variance.

8.2. Results

Table 18 presents the shoot length and total roots length of the

barley infected seedlings together with a control (no fungus). All three

cultivars show a considerable decrease of top growth of the seedlings

and of the total roots length. The ana'lysis of variance'indicated that

the ì engths of tops and roots of seedl i ngs i n i nfested soi I were

s'ignificant'ly different (p = 0.01) from those in the uninfested soils.

There was no difference between the three varieties to Pythium volutum

infection. All three varÍeties showed a marked decrease of shoot growth

as well as root ìength as a result of infectjon by the pathogen.
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Table 18 : The infleunce of
shoots and roots o
sowing at l5oC.

Pythium volutum on the mean ìength of
f three barley cultivars, 4 weeks after

Treatment

oTotul root length of
bar'ley cultivars (*)

Shoot length of barley
cultivars (cm)

Cf ipper Forrest Schooner Cl ipper Forrest Schooner

Soi I non
i n fested

Soi l
i nfested

1 1 . 14 12.02 11 .25

6.09 5.27 6.21

30.45 32.00 30.28

22.46 23.14 22.40

L. S. D. = 1.49, p = 0,01 L.S.D. =2.65, p=0.01

o Meun value of four rep'licates
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Wen-Chun Ho and Meredith (1941 ) showed that the variation in

percentage decrease of root length of barley seedlings infected by P.

grami nicol um was smaller than the percentage decrease of top growth.

However, my resu'lts indicate the contrary ; the percentage decrease of

root ìength of barley seedlings was higher (i.". for Clipper cultivar

45.347") than decrease of shoot growth (26.242).

E.3. Discussion

As already stated by Vanterpoo'l and Truscott (1931), the frequency

of isolation of any particular paras'it'ic specìes in a given season does

not necessarily give a true representation of its distribution, becau>e

the duration of conditions favouring the active growth of these fungi,

when they are readily ìsolated from soil, varies considerably frcm place

to pìace. However, isolation made from barley seedlÍng r.oots and soiI

samples as described 'in Chapter 2, D.3.1, as well as from another ten

soils with different physical and environmental conditions, suggest that

P. vol utum 'i s more abundant i n norther'ly s ì tes of South Austral 'ia

characterized by higher temperatures, low rainfall and low clay content

in the soil.

Cultural studies have shown that P. volut,unl grows on and in medium

at ]ow pH, but that, the optimum growth occurs at about pH 6, Thus the

presence of the parasite in soils could be correlated with slightly acid

or neutral conditions as occurs in the norther'ly parts of South

Australia. In southerly regions soils are more alkaline.

From the previous experiments with different levels of soil water

already described'in Chapter 2, it was clearly shown that the amount of
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damage to bar'ley seedl ings caused by P. volutum increased with

increasing moisture content of the inoculated soil. Thus, aìthough P.

volutum'is more abundant in the north of South Australia it may be more

damaging in the south where rainfall 'is higher. Under growth chamber

conditions P. volutum injury did not manifest itself in reduced

germination or as post-emergence death of the seedl'ings, but as a root

rot reducing the ìength of shoots and roots of the growing plants, which

could be further expressed in reduct'ion of yieìds.
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CHAPTER 7

STUDIES ON THE CONTROL OF PYTHIUM SPP.

A. Introduction

Control of soilborne pathogens is becoming increasing'ìy important

in agriculture because of awareness of the considerable losses they

cause in a variety of crops. Most Pyth'ium spp. occur in soiI as

parasites on plant roots or as sþopnytes on organic material ; they

produce oospores and chlamydospores that persist for many years. 0nce

established in the soil the resting structures are virtually impossib'le

to eliminate except with a w'ide spectrum drench hence direct control of

Pythium on a field scale is difficult and expensive (Hendrix and Powell,

1970), Soil fumigat'ion has been used by many workers over the past 30

years (Mclaughìin and Melhus, 1943; Bruehl, 1951 ; Ebbels, ,l969, 1970;

l{illiams and Salt, 1970; Rov.ira, 1976; Cook and Hagìund, lgBZ) as a

means of controll'ing so'ilborne pathogens to protect wheat and barley.

The increased crop growth folìowing fumÍgation occurred partly because

Pythium has been control 1ed (l'lcLaughlin and Melhus, 1943). Fumigatìon

with chloropicrin or methyl bromide or a comb'ination of the two is now

standard practice in many nursery and horticultural operations

(Munnecke, 1 971 ).

Such fumigants do not kill all soil organisms. During the first few

weeks fo]lowing fum'igation, bacterial populations increase rapidly

fol I owed by other soi I organi sms (Hodges, 1959). Event,ual 'ly, a bi oti c

equilibrium is reached in which saprophytic fungì predom'inate, often

providing effective competition for p'lant pathogens. After fumigation,
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however, the soi I fl ora i s al tered by the temporary removal of

competitors to Pythium spp. and other pathogens, which multiply rapìd'ly,

and offer a greater threat to plants than before fumigation (Vaartaja,

1967 ; Kraft, 1969 ; Gill, 1970 ; Hendrix, 1970).

Soil amendaments such as saldust, bark and crop residues as well as

green manuring, have been used to control Pythium root-rots in nurseries

and field crops (Vaartaja and BumbierÍs, 1964). Such amendments are

sometimes effect,ive, main'ly because they encourage soi I flora

antagonìstìc to Pythium spp. and other.p'lant pathogens. 0n the other

hand'improvement'in plant growth and survival may be due to a good host

response, thus stimulating root formation that compensates for FoouS

killed by pathogens.

Crop rotation is another method of reducing the populations of soil

pathogens, but because the more common and destructive pathogen'ic

Pythium spp. have wide host ranges, th'is procedure is not usual'ly

successful. However, crops differ in their moisture requÍrements as well

as providing different degrees of shadìng, they accordingly affect the

soil environment and hence influence the condìtions that Pythium spp.

require for optimum growth and parasitism. The standard recommendation

for controlling diseases caused by pathogenic phycomycetes is the proper

regulation of such environmental factors as site selection, soil

moisture, fertilization, temperature and soil fungicides (Tompk-ins and

l'liddleton, 1950 ; Littrell, Gay and hjells, 1969). While the

environmental factors can sometimes be controlled to a reasonable extent

in green-houses and nurseries, they genera'lly cannot be regulated in a

field planting, hence chemicals are used more extensively. There are

many chemicals formulated to control Pythium such as Captan, Th'iram,
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Dowco 444, Previ cur, Vi tavax, Orthoci de, Meta'laxy'l ( Ri domi 1 , Apron ).

Treatments w'ith Apron as a seed dressing to control dampìng off caused

by P. ¡¡reg!]-efg, increased seedling number and root we'ight of carrots

(Morgan and MacGregor, 1982 ; MacGregor and Morgan, 1983). Ridomìl and

Gypsum to cont,rol pod disease (P. myrjotilum) resulted in a

s'ignifìcantly lower pod dìsease rating and significantly higher y'ie'lds

than the untreated (Boswell and Grichar, 19Bz). Abawi and Cobb, (1982)

found that bean treatment w'ith Ridomil, Dowco 444, or Previcur was

h'igh'ly effective fon control of bean root- rot (P. ultimum). Ridomi I

plots planted with seeds treated with Captan + Demosan had the highest

bean popu'lation and yield as well as the lowest rot-severity caused by

P. ultimur,t (Abawi and Crosier, 1983). Apron 2E as a seed treatment of

soybean produced sìgn'i fìcantìy higher yieìds (Gessner, 1982). Seed

treatment for control of seed and soilborne pathogens of wheat (P.vth'ium

spp ., Rhizoctonia s p.) with V'itavax 200F and Thiram and with Vitavax 200F

a1one, increased seed j'ing emergence (Anzalone, 1982 ; t¡li I l'iams Jr.,
- ¡ t.')

1982). Avers;rCîg'81) showed that Vitavax 200 and Mistomatic Mercury gave

t'he best seedling emergence of wheat while 30F + Apron 2E gave the best

grain yields. Control of Pythium bììght (P, aphan'idermatum) on ryegrass

was obtained when the seeds were treated with Banol and Galben (Sanders

et al., 1981).

Aìthough metalaxyì [N-(2,6-dimethyìphenyl)-N-(methoxyacetyl)

alanine methy'lester] trade name Ridomil and Apron, proved to be an

efficient fungicide to control Pythium spp. it is not commonìy used on

cereals therefore further stud'ies were considered.
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B. Efficacy of
Prrthi um spp.

metaìaxyl (Ridomil 25 l,l.P. CGA 48988) to control

8.1. Intloduction

Ridomil 'is a relat'ively new type of fungicide. Itts active

ingredient beìongs to the group known as acylalanines. It shows very

high but specific activity aga'inst fungal pathogens 'in the class

Oom.ycetes. R'idornil is espec'iaì1y su'ited for preventìve use but it can
4-.

also be used curat'ive'ly. It is rapidlv /bsorbed by roots, stems, and

leaves of plants and ìs transported acropetal'ly in the xylem. Due to its
swift penetratìon, the product is unaffected by raìn falling several

hours or more after applicat'ion. Because of the systemic activity, new

and existing growth is protected., (Technical Bul letin CiBA-GEIGY

Austral'ian I-imit//ea, 1979). The effect of metaìaxyl on specìes of/
Pythiq[ is not well known. Treatment of Pythium at 1-10 Ug/ml produced

reduction in longitudinal growth, increase in hyphal thickness, loss of

ap'ical dom'inanca, thjckening of the cell wall and changes in surface

wall stfucture. Metalaxy'l seems to cause a dimished proteìn synthesis,

which may be connected with the decrease of ribosomal RNA in normally

very act'ive regions of hyphal tips. (Grohmann and Hcffmann, lgBZ).

Studies on the antìfungal mode of action of metalaxyl 'in the inhibjtion

of nucleic acid systems in P. splendens indicated that RNA and DNA

synthes'is were a'lready strongly 'inhibit,ed 1-Z hr after add'ition of the

fungicide. Protein synthesis was not inhibited but lipìd synthesis,

aìthough almost unaffected at 0.1 ug/ml, u/as strongly affected at, 0.3

ug/ml (Kerkenaar, 1981).
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qv
8.2. Bio-þssay and soil test

8.2.1. MaterÍals and l4ethods

To determi ne the eff i cacy of Ridomi I 25 l^.l. P. (C. G. A. 48988) to

control Pyth'ium spp. tests were done on cornmeal agar media and in soil,
Øv

according to the method of Zentmyer (1955). For the bio-pssav in corn-

meal agar R'idomil 25 lll.P. at, concentrations of 250 ppm, 400 ppm, and 750

ppm act'ive ingredient (a.i.) were used. Each concentration of Ridomil

was mixed separ'ately with cornmeal agar prior to pouring into 9 cm Petri

dishes, each conta'inÍng 20 ml medium. Pythium species used were : P.

i rresul a.re. P. graminicolum and P. volutum isolated from the infected

bar'ley seedlings. A p]ug, 5 mm in diameter of act'ively growing myceìium

of each specìes of Pythium was individually placed at the centre of each

Petri dishes, then incubated at 25oC for 3 days. Growth of mycelium was

observed and measured. (Table 19). Treatments were repìicated three

times. For the soìl drench test, field sandy loam sojl was used, air

dried, put through a sieve with an aperture of 1 mm and steril'ized for l
h at 120oC. Plastic vjals, 25 mm in diameter and 80 mm deep, were used

as containers. Ten ml of soil were placed in the vial and a p'lug of the

required Pythium species, 7.5 mm in diameter, was placed on the soil and

covered by a further'10 ml of the soil on top of which was placed a

further plug of mycelium. A 5 ml solution of fungicide, enough to wet

the soil, was poured into the vials. They were Íncubated at 25oC for 24

h. All plugs from the soil were taken and washed with distilled water,

dried on Kleenex tissues, then p'laced on cornmeal agar and incubated for

three days at 25oC to determine,the growth of each Pythium sp. Results

were assessed from the cornmeal agar as presence or absence of mycelial

growth (Tab1e 20). Treatments were repìicated three times.
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Tabìe 19 : Eff i cacy of di f ferent concentrat'i ons of meta'l axyl
(Ridomi I 25 t,J. P. CGA 48988) aga'inst Pythium spp. test,ed ìn
cornmeal agar cuìture.

Ridomi 1 25 w.PA

concent,ratì on
(ppm a. i. )

oM"un value of Mycelium growtfr (mm/Z+ tr)

P. irregu'lar e P. graminìcolum P. vol utum

250

400

750

Control (Disti I led
water)

30 22

0

24

10

0

11

0

0 00

31

tÊ Mean value of three rep'licates after three days incubation
250C.

at
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Table 20 : Effi cacy of di fferent concentrations of meta'l axyì
( Ri domi I 25 l^1. P. CGA 48988) agai nst Pythi um specì es ì n
soi I drenches.

Pythium spp. olt'l"un growth of myceltum (mm/24h) at different
concentrati on of Ri dom'i I

a. i. 250ppm a. i. 400ppm a. i. 750ppm Control
(Distilled

water)

20mm 0mm
deep

20 mm

deep
0mm 20 mm

deep
0mm20 mm 0 mmm

deep

P, i rregul are

P. gramì ni co-
lum

P. vol ut,um

30 31 18 19 0

0

31 320

22 23 145
9 9 44 0

0

0

23 23

9 i0

* Mean val ue
250C.

of three replicates after 3 days incubation at
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8.2.2. Results

l^lith three different concentrat'ions of metaìaxyl (Ridomì'l 25 t¡l. P. )

(250 ppm, 400 ppm, 750 ppm a.'i.) two were effective (400 ppm and 750 ppm

a. i. ) in prevent'ing growth of P. i rreRul are, P. gram'i n'icol um, and P.

volutum. There \{as no difference between the rates of growth of Pythium

spp. on cornmeal agar contain'ing meta'laxy'l (250 ppm a. i, ) and rates of

growth on fungicide-free cornmeal agar (Table 19). The colony morphology

of all three species of Pythium tested was not affected by metalaxyl

incorporated 'into the medium. However, the results in the cornmeal ,agar

plates did not correspond to those found when the same level of Ridom'il

concentrations were applied in drenches in soil i on'ly the treatment

with 750 ppm a.'i. Ridomil appeared to give absolute prevention at 20 mm

in t,he soil and surface (Table 20). The fung'icidal effects decreased in

the soil application, suggestìng that the active 'ingredient (a. i. ) at

low concentration was inactivated or adsonbed by soil particles or

chemical s. However, Kl amparens and Vaughan (1952) reported good

correlation betv'een labor"atory results of fungic'ides in most agar and

field control of several turf pathogens. Zentmyer (1955) on the other

hand, found that the fung'itoxicity of many fungicìdes that are highly

effective in other types of tests were reduced when they were tested as

a soil drench. To elucidate the effects of meta'laxyi (Ridomil 25 hl.P.)

on Pyth'ium spp. further experiments were undertaken.

8.3. Assessment of metalaxyl (Ridomil 25 w.P. cGA 48988) effects on
Pythium spp. under growth chamber conditions

8.3.1. Materials and l,lethods

The experiment was conducted under growth chamber conditions at

15oc t 1oC with lz h light per day. Pythium irregulare and P. volutum
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1..' r

isolated from barley soil, and prev'iously tested to be pathogenic on

barley were grown separately on cornmeal agan at 25oC for 48 h. Two

plugs of medium were taken from the margin of the growing cultures and

incubated on sand cornmeal culture medium. Inoculation was achieved as

is described in Chapter 4.8.1. at a rate of 17, w/w prior to sowing

barley seed. All barley seed orig'inated from a sìng'le seed lot of the

cv. Clipper. The seeds were dusted w'ith metaìaxyl (Ridomìl 25 [rJ.P.) to

provÍde 0.250 g and 1.0 g a.ì. per kg of seed. The so'il was contained'in

11 cm high, 8 cm diameter pots, and 5 seeds were sown per pot. Pots were

watered dai'ly. Treatments were replicated four times and random'ised in a

growth chamber. The experiment lasted 4 weeks and at, the conclusion,

seedlings were removed from the soi1, washed, and measurements of shorc

and root 'ìength were made. The root length measurements were done by

chopping the roots into 1 cm pieces and using a Comair Root Length

Scanner.

8.3.2. Results

Bar'ley sown in the sterile sandy loam field soil artificially
infected with Pythi um _l_l_r"e€_V.]_are. on P. vol utum, responded strongìy to

/ ,t '.

'i metalaxyl as a seed treatment at,1 g a.i./kg seed butiitlwas ineltectiuá '

at a rate of 0.250 g a.i./kg seed (Table 21). Metalaxyl applied as a

seed treatmen b of 1 g a. i . /kg seed protected barl ey roots agai nst

infection caused by Pythium spp. Root and shoot 'length of banley

seedlings measured four weeks after sowing, were increased by meta'laxyl

treatment (Table 21). When the seeds were sown in artificially 'infected

soil without treatment, oF treated with 0.25 g a.¡./kg seed of Ridomil

25 ll.P., seedlings emerged but'were severely stunted, exhibiting leaf

distortions and with a shoot length about half of the healthy seedlings
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Table 2l Influence of Meta'laxyì (Rldomil 25 t^l. P. CGA 48988) seed
treatment, or root and shoot growth of barley seedlings, 4
weeks after sow'ing in artifjciaìly infected san$V loam soil,
and incubated at 15o + loc in a growth chamber.

Ridomil(c)
concentrat'ion

e. a. i. /kg
seed

Total barley root length
after 4 weeks (m)a

Bar'ley shoot 'length after
4 weeks (cm)D

P, i rregul are P. vol utum P. i rregul are P. vol utum

0

0.25

1.0

5.82

6.05

12.16

6. 11

6.60

12.40

22.78

23. B0

31.36

22.80

22.86

31.87

IT

a

b

c

Mean value of 20 measurements

L.S.D. =0.306 p=0.01

L. S. D. = 1.735 p = 0.01

Seed treatment was applied as a dust.
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whi ch grew f rom seed treated wi th Ri domi I 25 t¡J. P. a. i . /ke seed. The

diseased p'lants had fewer and shorter roots, Root tips on plants not

protected by metalaxyl were brown and contained Pythium oospores. A

statisticalìy sìgnìficant interaction (p = 0.0.l ) was obtained between

Pythium species and Rjdomil 1 g a.i./kg seed on ìength of roots, hence

it is necessary to discuss relative inhibition of the two Pythium

species in terms of the response to Ridomil treatment. Root growth of

bar'ley seedl 'ings i ncreased when concentrati on of R'idomi I was i ncreased

to 1 g a. i. /kg seed. In practìcal terms it is possible that the

reduct'ion in barìey growth due to Pythi ur! can be el imi nated when the

seed 'is treated with metalaxyl. Pythium causes damage to fine rootlets

of plants (Bruehl, 1951 ; Anderson 1964) through which water may enter

at rates of 0. 07 to 0.44 pn3 /y¡nz root/mì n ( Rosene, 1 949 ). The

elimination of Pythium damage could account for the greater p'lant vigour

and probably greater yieid. The increased growth response of barley to

Ridomil treatment was detectable soon after sowìng as shown by a

significant improvement in shoot and root growth. As the number of

tillers ,formed by a pìant is influenced to a large extent by conditions

ear'ly in the life of the plant (Cook and Hagìund, 1982)'it seems likeìy

that elimination of P.vbhiuB damage by seed treatment with Ridomil mÍght

improve the leaf area and root lengt,h and penetration as the plant

matu res.

Increased growth of barley seedlings was achieved follow'ing seed

treatment with Ridomil under the growth chamber conditions. However,

Ridomil, like the majority of ot,her chemicals is applied mostly to
protect, p'lants, or to control undesirable organisms in the field where

environmental conditions are quite different from those in growth

cabinets. Therefore, for. a better understanding of the behaviour of



112

Ridomil in the natural environment, further experiments with R'idomil

under field conditions, were done.

8.4. Field experiment

The aim of this experiment was to indirectly assess the 'importance

of P.vthium on barley by applying, Ridomil, a fungicide specific to

pythiaceous fungi. The following aspects were investigated :

(l) influence of Ridomil 25 t,.J.P, (applied as a seed treatment) on

(:)

(b)

(c)

numbers of emergìng pìants

growt,h of seed I i ngs

yi el d of gra'i n

8.4. 1 .

(2) To invest'igate whether there are any differences between

barìey cultivars in their response to appf icat'ion of R.idomi l.

(3) To invest'igate whether the effect of Ridomil 25 t^.l.P. on barley

is influenced by soil type.

Materials and I'lethods

Design

A comparison was made between two bar'ley cultivars at two levels of

Ridomil 25 l^1.P., zero and 1 g active ingredient (a.i.) per kg of seed,

in two types of soil in a field experiment carried out in 1984 at

Mortlock Experiment Station, Mintaro, 130 km north of Adelaicle, South
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Austral'ia (mean annual rainfall 603 mm ; May-October mean 474 mm). The

two types of soi I were a grey brown soi I of heavy texture, pH 7.1 and a
l

red brown, soi 1, pH 5.9,

Crops in previous years were as follows:

Year Grey brown soi I Red brown soi I

1968 - 1978

1919

1 980

1 981

1982

1 983

I ucerne

oats

barì ey

beans

oats

beans

I ucerne

oats

oats

oats

oats

beans

Barley cultivars used in the experiment were C'l'ipper and Forrest.

Both are used in South Australia, C'lipper being sown on about 3l per

cent of, the barley area, and Forrest .in about 5 per cent. (Barley

variety recommendat'ions for .l984, Department of Agriculture, South

Australia). The seed of both cultivars was treated with metalaxyì

(Rldomil 25 t^1.P.) to provide 1g a.'i. per kg seed prior to sowing.

Establishment and management

Plots were sown on July 17, 1984. Sowing rate was 70 ke/ha. All

seed was sown with a basal applicat,ion of superphosphate of 100 kg/t'a.

The area surround'ing the p'lots was sown with wheat. A 16 row drill was

used for both seed and fertilizer ; by dividing the seed box in the

middle' seed of the two different cultivars (treated with Ridom'il and



114

non treated) were sown at once. A light harrow was trailed behind the

drill. Prior to sowing the experimental area was sampled (as described

in chapter 2) and assayed for the natural occurrence of Pyth'ium spp,

using the Middleton Key. The soil plate method (as described in Chapter

2) was used.

l¡leasurements

Seedling est,ablishment was estimated by counting plants in situ, in

1 m of row in three posìtions of each replicate approxìmately six weeks

after planting to determine whether treatment of seed with Ridomil

improved establishment. Crop height was measured in situ 2 months aft,,.
pìanting. There were '10 measurements in each rep'licate. At ¡raturi ty (23

weeks) a grain yield harvest was made by cutting 1 m of row in three

positions within each rep'licate. Subsequently, next day, the pìots were

machine harvested. Edge rows were avoided.

8.4.2. Results

(a) The level of Prrthium populations and the
species in the experÍment area

identity of Pythium

Soil samples, taken at 0-.l0 cm depth from the experimental area

prior to sowing, \¡/ere processed to determine the popu'lat,ion levels of

Pythium and the jdentity of P.vthium species. Table 22 shows the numben

of Pythium colon'ies per g oven dry soil, and the occurrence of pythium

species found in each type of soil used 'in the experiment. The data

show that a h'igh density of Pythium spp. occurred in both soils.



Table 22

11s

Ïhe numbers of P$hiur colonies per g oven dry soil, and
the occurrenc" oFftbj_qr species in both óxperimental
areas

Grey brown soi l Red brown soi I

Nos. of Pythium
colonies/g oven

dry soi ì

Occurnence of
Pythium spp.

Nos. of Pythìum
colonies/g oven
dry soi I

Occurrence of
Pythium spp.

Pythium spp. 7" Pythium spp. 7"

873 P. i rregu'lare

P. ul timum

P. rostratum

P. debaryanum

P. vol utum

P. echi nul atum

P. ol i gandrum

Ot,her Pyth i um

spp.

28.73

21 .64

18.30

11.28

10.05

5.40

3.09

1.51

657 P. i rregul are 26.80

P. ultimum ?4.15

P. rostratum 14.32

P. debaryanum 9. 60

P. vol utum 1 1.45

P. echi nul atum 3. 95

P. ol igandrum 3.63

0ther Pythium
spp. 6.1 1



Table 23

Treatment

C'l i pper Non
treated

Grey Brown
Soi I

28.22

39.77

31 .00

39.61

Red Brown
So'il

Grey Brown
Soi I

Recl Brown
Soi I

Red Brown
Soi I

Grey Brown
Soi I

Red Brown
So'il

Influence of metalaxyl (Ridomil 25 t^J.P.) seed treatment on emergence, he'ight and y'ield of barley.

Nos. of baçl ey pl ants/ Hei ght of pl ants;fter Yiel d mechani cal Yi el rl mannual

lm^ oo ãåv! (;j-* 
-- 

harvested kelpì;i* harvested kelploto#

rownürey
So

B

il

Cf ippe r
R'i

P.

Treated
domi I

27.38 26.92 24.46 10.65

39.11 37.70 36.52 13.38

31.16 33.53 31 .4i 10.56

40.38 42.03 40.91 13.11

7. 80 11.9? 11.00

10.20 17.31 1 4.84

7.34 14.25 10.23

9.90 19.35 1 s.34

wi th
25 t,l.

Forrest Non

treated

Forrest
with R

25 t^J.P

Treated
i domi l



Table 23 continued

Standard Error

Bar'ley

Barley Fung.

Coefficient of
Variation (Z)

Barl ey

Banìey Fung.

1.5 3.8

3.? 3.5

Mean value of 18 measurements
Mean value of 60 measurements
Mean value of 6 measurements
Mean value of 18 measurements

0.529

1.116

1.317

1.2.28

0.459

0.805

1.3

2.3

0. 301 2

0.37 47

0.9

'1.1

0.3435

0. 371 I

2.9

3.1

0.7538

0.4487

5

1

1.754

3.048

1.8

3.1

1.748

3.319

2.?

4.1

8

5

*
*+
*++

J
J
oì
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(b) Effects of Ridomil 25 l.l.P. on emergence growth and yietd of barley

Dat,a summarized in Table 23 show that barley plants responded to

treatment wi th meta'laxyì . There was a vi s'i bl e and measurabl e effect of

metalaxyl on emergence, growth and yìeld of the barley cu'ltivars tested.

Metalaxyl resulted in a s'ignìfìcant increase. (p = 0.01) in emergence of

barley cul ti vars i n both types of so.i I .

Plant height of Clipper and Forrest cultivars, measured 60 days

after sowing, was also sign.ifìcantìy increased (p = 0.0.l) in both types

of soil, by the treatment with metalaxyl. The height of C]ìpper was

increased by 407" ìn grey brown soil and 492 in red brown soil. Forrest

responded to metaìaxyl treatment by 'increasìng the p'lant heìght by 252

in grey brown soils and 302 in red brown soil. Moreover, the root tips

of plants without metalaxyl treatment had brown lesions contaìning

Pythìum oospores. The isolates from infected barley roots revealed the

characteristics of P. irreRulare, P. ultimum and p. volutum.

Grain yìe'lds estimated by two methods were different; as expected,

the hand harvested data (Table 23) befng higher. Fallen ears were p'icked

up during hand harvesting from an area near to and corresponding to the

p'lants harvested, but were not retrieved during the machine harvest.

Cìipper and Forrest barley cultivars showed a significant response (p =

0.01) to metalaxyl treatment in both types of soil, in both the hand and

the machine harvest.

8.4.3. Discussion

It is known that, Pythium spp. cause seed decay and preemergence

seedl ing bl ight.
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l,lhen popuìations of Pyth'ium reach several hundred per g. of soil,
the probabi I ity of soi I infection appears I i ke1y. Thus, t,he growth

response of barley to Ridomil 25 l,J.P. was observed from the beginning of

plant development by a sìgnificant improvement ìn emergence and densìty.

Furthermore, the greater plant height observed throughout the life of

bar'ley plants treated with Ridomil, is probably due to the protection of

f i ne rootl ets of p'lants by Rì domi I agai nst P.vth'i um. Accord j ng to Bruehl

(1951) tr¡e most serious effect of Pythium on barley grown in pots was

destruction of rootlets which absorb water and nutrients from soil. Cook

and Hag'lund (1982) consider the effect of metaìaxy'l equivalent if not,

identical to the fumigat'ion response in term of better emergence and

vr'gour of pl ants.

Table 23 shows a significant yield increase of 457" in Clipper and

357. in Forrest (manual harvested), which leads to the conclusion that

Pythium should not be considered as a "minor" pathogen as stated by Saìt

(1979) but as a potentiaily ìmportant pathogen.

c Biological controì of Pythium spp. pathogenic to barley seedlÍngs
by using the mycoparas'itG@m oligandrum

C.1. Introduction

There is increas'ing interest in the bioìogìca'l control of soi lborne

p'lant pathogenic fungi through the use of fungi which are either

antagonist'ic towards them through antibiosis or directly mycoparasitic.

Prospects seem particu'larìy good for control of some seedìing diseases

by treating seeds, roots or soil with spores or mycelia of suitable

species (Hoch and Abawi, ]979 ; Locke et al. , "lg7g ; Dutta, lggl ;

Harman et al. 1981 ; Hamdani et al., 1983).
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P.vthium oligandrum was first described as the cause of pea root rot

in the U,S.A. (Drechsler, 1930) and has since been found on many other

plants (14'iddleton, 1943; Drechsler, 1946). However it was weakly or not

at alì pathogenic to sugar beet (vesely, 1977), barley, oat and wheat

(K'iìpatrfck, 1968).

It is also a parasite on other Pyth'ium spp. and is frequently found

i n assoc'iati on wi th the aggressi ve pl ant parasi t,es, P. debaryanum and p,

ultimum (Drechsler, 1946). This led Drechsler to suggest that it is

perhaps not usually a primary parasite of p'lants, but ìs, instead, a

secondary 'invader of diseased tissues and at least partly parasitìc on

these other í'ung'i. In an extensive study of Pythium ol igandrum ecologv

Tribe (1966) showed that it does not degrade celluiose and so makes only

poor growth on cellophane. However, it grew weìl on t.hese med.ia in the

presence of some, though not all, cellulotìc fung.i and formed abundant

spi ny oogoni a. Deacon ( 1 976) reported that P. ol i sandrum 'is an

aggressive paras'ite of other fungi. P. ol i eandrum , âS a vigorous

necrotrophìc mycoparas'ite, was shown to be active against P. debarvan um.

P. ul'Þ'imum, P. mamì latum and P. 'irregulare, by Drechsler (.l943).

P. oligandrum, abundant in South Australian ban'ley soils, (Table

8)' is of specìa'l interest because of its aggressiveness towards Pythium

i rregu I are , which seems to be a major incitant of root rot of barley

seedlings (Chapter 4), and also the most abundant and widespread plant

pathogenic Pythium species in South Australian barley soils (Table B).

P. graminicolum and P. volutum occur in South Australian barley

soils (Table 7, 8) and both spec'ies seem to be of economic importance

because of their pathogenic activ'ity towards barley seedlings. However,
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so far I i ttl e has been done to 'i nvesti gate the parasi ti c rel ati onsh'i ps

between P. oligandrum and these two spec'ies. Considerìng that P,

ol i gandrum 'is a strong hyperparasite on other species of P.vthjum

mentìoned before, experiments were done to see whether this hyper-

parasitism occurs also 'in P. grami n i col um or P. vol utum. The

experiments were conducted ìn Petri dishes and in pots.

c.2. Parasitic relationships between olj.gandrum and some
species of P¡rt,hium, in vitro

other

C.2.1. Materials and Methods

Fungi

H.yperparas i te : Pythi um ol i gandrum (C.M. I. No. 285718) was

isolated from barley soil jn South Aust,ralia.

Host :

(C.M. I. No.

P.ythi um i rresu I are (C.M. I. No. 285717), Pythium volutum

279307) Pythium gram'inicolum (C.M. I. No. 279307) isolated

from diseased roots' of barley seedlings.

Growth on agar

EXPERIMENT 1

Mycopanasit'ic relat'ionships were investigated'in vitro on agar

plates at 25oC using Difco cornmeal agar (C.M.A.), l5 ml per 9 cm petri

dish. Plates were inoculated at the margin with the "host" fungi and

incubated usualìy untiì pìates were just comp'leteìy covered. A 5 mm plug

of P. oligandrum was then inoculated at the appropriate marg'in (on the
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periphery of the host col ony) and the pl ates re-'i ncubated. The

vegetative growth of Pythium oligandrum across colonies of the other

fungi and m'icroscopic examination of the mycelium were done at different

times us'ing the Deacon technique (1976). Three adjacent diametric strips

of agar, 5 mm w'ide, were marked on the base of each plate such that the

central one included both inoculum djsks. One of these strips was cut

and nemoved at each sampling time, the centre one be.ing sampled last.

They were cut 'into 5 mm segments, wh.ich were suspended in series but

spaced 1 cm apart in a hum'id chamber. After 6 days 'incubatf on the

segments were exami ned for the pnesence of spi ny oogoni a of

P. oliRandrum; each variant consisted of three replicates.

Resul ts

colonies of P. gram'inicolum covered the agar in 6 days after

introducing the inoculum at the margin of the plate. p. irregulare took

4 days, and P. volutum 10 days. They were then'inoculated at the margìn

a new growth with P. oligandrum and subsequent growth was assessecl over

the next, 5 days. Results summarized in Tab'l e 24 indicate that P.

ol i gandrum grew across host Pythium spp. almost at the same rate as it
grew across fresh cornmeal agar pla.tes (24.9 mml24 h (plate g).

Detection of an abundant number of P. ol isandrum oogonia on precolonized

p'lates but not on fresh cornmeal agar suggested that the host fung'i

provided nutrition for the parasite possibly due to sterols oniginating

from lysed hyphae of the host. Furthermore, microscopic examjnation

showed the hostsr mycelium to be enwrapped by the fine mycelial

ram'ifications of the Pythium oligandrum penetrating in different places

(Plate 10).



122

Plate 9 : Hyperparasite P.vthium oligandrium (B) growing over six days
old cul ture of P.tfliium efami ni Col um (A).



6 3IV-Id



Table 24 : Growth rates of
cornmeal agar
graminicolum and

Pythi um
precol on

ol igandrum on plates of
ìzed by P. i rregul are,

123

Di fco
P.

P. volutum.

Pythi um spec'ies Growt,h rate of P. olisandrum
nn/24 hx

P. oligandrum alone (control)

P. o'ligandrum + P. Í rregul are

P. oìigandrum + P. graminicolum

P. oligandrum + P. volutum

24.8

25.0

24.5

24.6

tË
means of 3 rep'licates plates at, 25oC
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PLATE IO : Fine ramifications of the hyperparasìte
enwrapping and penetrating the host

P. ol igandrum
mycef i um of P.

grami n'i co I um (A) and P. volutum (B).
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PLATE 10
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EXPERII4ENT 2

To investigate the different susceptibilities of the host fungj, P.

olisandrum was added half-wa y across the fuììy colonized plates (on 3

day-o'ld parts of the colon'ies of !. ramì ni col um on 2 day-old par"ts of

colonies of P. irregulare, and on 5 day-oìd parts of colonies of P.

volutum, rather than at their margins). The growth of P. oligandrum into

progressiveìy older and younger reg'ions was compared. The results

(Table 25) show that the host colon'ies, became more resistant to

parasitism (assessed by growth rate of P. o'l i gandrum) as they matured.

EXPERIMENT 3

To study relationships between the various fung'i, P. ol igandrum was

applìed to the centre of agar plates and the other three species of

Pythium were applied away from the centre on agar dìscs, 5 mm diameter

and overgrown with the fung'i. The experiment was conducted at 25oC ;

there were three replicates. B'iotic relationships of mycoparasitism were

invest,'igated in the followìng fungì : P. ìrnegulare, P. graminico]um and

P. volutum. Observations on colony growth and microscopical examination

of the mycelium were done dai1y.

Resul ts

In a culture containing al I the three fungal species (P.

graminicol um and P. vol utum) the same parasitici rregu I are, P.

characters of P. ol igandrum were found. P. ol igandrum occuPìed the

central disc and retarded the development of the other specìes as early

as the second day after the culture was established. Three days later



127

when P. oliRandrum was wide-spread, the growth of the other fungi had

nearly stopped. There was no ìnhibition zone between the fungi" P,

i rregu I are and P. grami ni col um mycelia unitecl to form a half-moon shape

in regions where the mycelìa'l growth of both specìes occunred in the

absence of P. of igandrum. In the centre the hyphae of P. irregulare and

P. graminicolum were constricted due to the parasite. The presence of f.
ol i gandrum hyphae and the beg'inning of paras'itism were detected micro-

scopicaì1y seven days after the joint culture was

thicker hyphae of P. oligandrum began to enwrap the ho

parasitic threads were observed. Oogon'ia of P.

establ i shed. The

st hyphae and its
(^./

ol i girdrum were
N

extensiveiy produced. Although hyphae and fruct'ification organs of P.

ol i gandrum occurred in al'l parts of the cultures of the host specie.,

the paras'it'ic threads of P. oligandrum were more abundant than hyphae o1'

the host spec'ies'in the reg'ions of contact i.e. in younger parts of the

col oni es.

C.2.2. Di scussion

The combined cultivat'ion of d'iffenent fungaì species in the same

culture on agar p'lates revealed relationships of these micro-organisms

in vitro. The experimental results on relationships between P.

i rreeul are. P. Rramin'icolum and P. volutum, in vitro, showed that P,

ol igandrum was markedl y destructive to these three fungaì species whose

colon'ies were susceptible when young to attack by the pathogen. However,

they soon mature, and develop "mature plant resistance'r (Garrett, 1970).

0n the other hand, Deacon (1976) showed that the ability of Pythium

ultimum to support growth of the paras'ite P. ol'igandrum increased with

age. The results of my experÍments confirm Garrettrs (1970) view t,hat P.

oligandrum is an uns pecialized parasìte of fungi, largely confined to
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immature parts of its hosts. Its high growth rate, relatively

unspecialized nutrition wide host range and necrotrophìc infection hab'it

are entirely consistent w'ith this view. These characteristics contrast

with those of specialized parasites of fungì (Barnett and Binder, 1973).

This work and that of Haskins (1963) on Pythium acanth'icum therefone

supports conclusions on the bioìogica'l status of Pythium spp. as

unspec'ialized parasites (Garrett, 1970 ; Hendrix and Campbe1l, 1973).

According\ to Boosal is and Mankau (1g70), destructive
\

mycoparasites destroy the host or parts of it during their development,

An internal encounter between the host and the parasite is established

at the samc bime. It may be concluded that this definition is app'licable

to P. ol isandrum which produces numerous parasitic threads encìrcìing

the hyphae of host fungi which were entirely suppressed in a few days.

Besides other species of Pyth'ium such as P. irreRulare, P. debaryamum,

P. ultimum and P. mamillatum, âlready described by other authors to be

parasitized by P. olisandrum. the results of my experirnents showed that

it was also parasit,ic and pathogenic on P. Rraminicolum and P. volutum.

C.3, Biological control
barley seedlings by
Pythium oìigandrum.

of lythium. spp. that induced root disease in
treating the seeds with the mycrparasite,

The occurrence of Pyth'ium oligandrum in South Australian barley

soi ls (Tab'le 8) led to the exami nation of the hyperparasitic

characteristics of the fungus by means of dual culture in vitro. My

previous observations on agar p'lates showed that P. oligandrum is a

strong parasìte of the main pathogens 'inciting root diseases in barley,

P. irregulare, P. graminicolurn and P. volutum. The next stage of the

study involved pot experiments to ascertain whether an effective and
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reliable protection of newly germìnated barley plants against P.vthium

spp. could be achieved usìng P. ol'iRandrum.

C.3.1. l,laterials and Methods

(a) Preparation of seed coated with P. oligandrum

An i sol ate of P. ol i gandrum used i n previ ous experiments and

maÍnta'ined on cornmeal agar at 25oC, was used as a mycoparasite. The

seeds were coated with P. ol i gandrum as f ol I ows : lvlycel i a'l mats beari ng

many oospores of P, oligadrum were obtained by growing the fungus in

ìiquid culture on supplemented V8 tomato juice (Ayers and Lumsde,,,

1975). This comprìsed 200 ml VB juice, 30 mg cholesterol added as a i.52

solution in 952 ethanoì, 2.5 e CaC03 solution (clarifìed by centri-

fugation at 13200 e) all made up to one litre with distilled water prior

to aut,ocl av'ing. Al i quots of 'l 5 ml were di spersed i nto 9 cm - di ameter

Petri dÍshes wh'ich were then each inoculated using a single (0"5 cm

diameter) disc cut from a co'lony gr"owing on cornmeal agar. The cultures

were incubated for 10 days at 25oC in darkness. Mycelial mats were then

removed, washed in sterile distilled water and fragmented in distilled

water using a glass tissue homogenizer, The oospone load in seed

coat'ings was between 180 - 350 per seed. This preparation of mycelia'l

fragments and intact oospores was stored at 5oC until required for use.

An equal volume of a 3Z solution of carboxymethyl cellulose (CMC) was

added to 100 ml of the preparation of mycelial fragments and oospores.

After thorough mix'ing, the seeds of barley (Cv. C'lipper) were added.

These had previously been surface-sterilized in 'lZ sodium hypoch'lorite-

absolute alcohol 221 (v/v) for 5 minut,es then rinsed in sterile

distilled water. After being allowed to soak for 2 minutes in the
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preparation, the seeds were removed, spread in sterile open Petri

dishes, and allowed to dry overnight Ín a laminar flow cabinet at 18-

21oC. Bat,ches of seed were also prepared using a fungus-free, carboxy-

methyi cel lulose coating. Al I seeds were then used immediately 'in

expe ri me nts .

(b) Controì of Prrthium spp. inducing root diseases of barley seedlings
in artificiaìly infested soil.

Isolates of Pythium irregulare, P. graminicolum and P. volutum were

obtained from diseased barley roots. All three species isolated were

highly pathogenìc towards barley (Chapter 4.8.2.). Inoculum was prepared

using vermiutllite (Chilvers, 1962). Samples of vermiculìte (10 g each,

grade DSF) were placed in 250 ml conical flasks and moistened with 35 ml

VB tomato ju'ice diluted l:3 with distilled water. After autoclaving,

flasks were inoculated with either P. irregulare or P. graminicolum or

P. volutum, using single, 0.5 cm-dìameter discs cut from a 7 day-o1d

stock colony grow'ing on cornmeal agan. The cultures were incubated for 7

days at 25oC. The flasks were vigorously shaken by hand each day to

ensure mìxìng of the contents. The trial was carried out us'ing 11 cm

high and I cm diameter pots, each containing 300 g of sterile sandy'loam

field soil (adjusted tu BA7" of fÍeld capacity wìth d'istilled water).

Inocul atì on was ach'i eved by m'i xì ng 7 day-o'ìd vermi cul i te medi um of each

! species with potting so'il at a rate of 17" w/w. The soil surface

was rnade smooth and, each pot was sown with 5 barley seeds approximateìy

1 cm deep. There were four replicates per treatment, and all urere

inoculated in a controlled environment, chamber at 1SoC with alterrrating

periods of '12 h light and dark. trlater lost through evaporation and

transpiration (as determined by weighing each pot) was replaced each

day. The experÍment lasted 4 weeks, and at the end of the experiment
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measurements of root 'length were made by using a Comair Root Length

Scanner. The treatments were as follows :

Seed coated with P, oligandrum sown jn soil infected with:
1. P. irregulare

2. P. gramfnicol um

3. P. volutum

As controls seed coated only with carboxymethyl cellulose sown in

soi I i nfected $ri th

1. P. irregul are

2. P. graminicol um

3. P. volutum

This factorial experiment was arranged in a randomìsed compìete

block design.

Results

The results of the experiment given in the Table 26 show that P.

ol 'igandrum applied to bar'ley seed is associated with ìncreased root

growth probably because that fungus actively suppresses the pathogenic

species of P.vthium such as P, irregulare, P, volutum or P. graminicolum.

The rhizosphere of emerging barley plants is probably colonized by a

'large number of mi cro-organ'isms, the presence of whi ch may ei the¡

inhibit or stimulate the activity of P. oligandrum and so its infìuence

on populations of ot,her fungi, Mycoparasites may also compete with other

organisms for essential nutrients. Thus, the use of mycoparasites in

bioìogica'l control by its introduction into the soil may be unsuccessful
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Table 26 : The influence of seed treatment of barley with Pythi um

oligandrum on root len gt,h of plants after 4 week.

Treatment

oM"un total root'length of barley seed'lings 4 weeks old (m)

P. irreguìare P. graminjcolum P. volutum

Seed coated with
carboxymethyl
cel lulose (control )

Seed coated with
Pythium ol igandrum

6.03

9.62

5.09

8.06

6.56

9.35

L. S. D. = 2.14 p = 0.0.l

o Meun of 4 rep'licates

:

i
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because other micro-organisms may inhibit their activity. Therefore,

further experiments were done 'in pots using naturally 'infected soil.

(c) Cont,rol of Pythium spp. inducing root rot
seedlings in natura'lly infected soil.

diseases in barley

The aim of this experiment was to study the efficacy of the

mycoparasite P. oligandrum, appl'ied as a seed treatment in naturaìly

infected soil, in controìling pathogenic species of Pythium. The

experiment was done using sandy 'loam soì1, pH 7.5, naturally 'infected

with P. irregulare and P. graminicolum. The soil was used in prevr ous

studies and was known to contain pathogenìc specìes of Pythium at levels

sufficient to cause serious root rot in barley seedlings. Investigations

on the occurrence of Pythium species in this so'il failed to detect the

presence of P. oligandrum, therefore, it, was assumed to be absent.

The root and shoot 'lengths of barley seedlings were recorded. The

materials and method used are as described 'in the previous experiment

(section b). The study was conducted using a randomized complete block

design with 2 treatments and four replicates.

. A microscopic examination for the presence of Pythium oospores was

done by taking 1 cm pieces of healthy and apparentìy diseased roots of

each t,reatment. The pieces were cleared in a mixture of lactophenol and

chloral hydrate stained in trypan blue, squashed and examined under the

microscope.
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Results

When the seedling roots were exam'ined after 4 weeks, the typ'ica'l

pale lesions of Pythium root rot occurred within several cm of the

tip on the pìants grown without seed treatment with P. olìgandrum.

Microscopic examination of cleared roots showed that the characterìstic

thick walled Pythium oospores were abouf 702 mone frequent in roots of

barl ey seedl ì ngs w'it,hout P. ol i gandrum. The resul ts of the experiment

(Table 27) show the effectiveness of the protection of treated seeds

with P. ol'igan_drum when expressed as root and shoot length.

There ,,rere significant differences in root 'length (p = 0.01) and

shoot length (p = 0.05) between plants from treated seeds and plants

from seeds without P. g]jåqnd_tu. The root and shoot length of plants

fnom bio'logicaliy treated seeds, was higher by 362 and 202 respective'ly.

C.3.2. Discussion

The parasitic ab'ility and the aggressiveness of P. ol 'igandrum

towards the other species of Pythium tested were demonstrated in sterile

sandy loam soil infected separately with P. 'irregulare, P. graminicolum

and P. volutum, where the mycopanasite exerted a strong influence on

active hyphae. The effectiveness of P. oligandrum in controlling other

species of Pythium 'in non sterije so'il indicates its abiìity to

establish itself rapidly on its hosts in the face of possible microbial

antagonism and so to provide protection for the barley seedlings against

subsequent disease. According to Hamdani (1983) oospores are of major

importance both for survival on seeds and for the subsequent

establishment of hyphae around seed and newly formed roots. My trials

{et \/
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Table 27 The influence of seed treatment in bar'ley with P.
oligandrum on root and shoot lengt,hs of barley p'lants.

Seed Treatment

Total
Root length of barley
seedlìngs 4 weeks old
grown in natura'lly
infected soil (m)

Shoot 'length of barley
seedlings 4 weeks old
grovrn in natura'lìy
infected soÍl (cm)

Seed coated on'ly
with carboxymethyl
cel lu'lose

Seed coated with
P. o1 iganCi um

24.13

32.85

21.24

25.55

L.S,D. ='l
P =0

50
01

L. D. S. = 1.85
P = 0.05

-" q
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support this v'iew and suggest t,hat biologìcal protect'ion of emergìng

barley seedl'ings with P. ol igar¡drum against Pythium infection 'is indeed

feas i bl e.
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CHAPTER 8

GENERAL DISCUSSIOT{

As indicated in the Introduction the main aims of thìs study were

to determine what species of Pythium occurred 'in South Australia ; to

assess their relatjve pat,hogenicitìes on barley and the economic

importance of the most abundant species i to assess the influence of

environment on lylhirr tpp. and to seek ways of controlling this fungus.

Further aims arose during the course of the research e.g. to assess the

pathogenic significance of P. volutum, on barley,

The experiments using the different species of Pythium clear'ly

indicate that'it is necessary to determine what, species are'involved in

a particular area where barley is grown as their pathogen'icities are

quite different; some, like P. irregulare, are highìy pathogen'ic

whereas others, I i ke P. ol i eandrum I are beneficjal because of their

mycoparas'it'ic qual it'ies. Furthermore, the relatìonships between the

level of soil water and growth inhibition'in barley varies with Pyth'ium

spp. The inhibitory effects of the most pathogenic spec'ies are

associated with wet cool soils when the barley seedf ings have reached

the emergence stage.

The factorial experiment with the nematode Pratylenchus thornei, an

abundant paras'ite of barley in South Australia, failed to show that it
interacted with Pythium irregulare t,o cause serious damage. The two

pathogens v/ere i ndependent i n t,he'ir effect on the host pl ant. The

experiment did reveal, however, that P. ÍrreRulare was more pathogenic

in barley (cv. Clipper) t,han in wheat (cv. Festiguay) and suggests that
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it may be worthwhile t,o seek resistant or tolerant cvs. of barley. The

fact that P. jrregulare at low populat.ions appeared to stimulate growth

of wheat may indicate that the particular cv. used in the experiment,

(Fest'iguay) was able to compensate or even overcompensate for damaged

roots by regenerating new roots.

The discovery of P. volutum, the first time it has been recorded in

Austral'ia, ra'ised the question whether it had been recently 'introduced

and whether because of its known pathogenìcity, it, posed a threat to the

bar'ley crop. Studies on this specìes confinmed its pathogenìc properties

as a root-rot fungus and its association with wet soils. However,

further research is needed to det,ermine ,ts distribution and abundance

in South A,ustralia and its economic importance in the field.

Studies on P.vthium populations in the field and subsequent

experiments on the influence of various environmental factors gave no

cl ear pi cture of the envi ronmental component,s that i nfl uence the

incidence. of this fungus in barley fields. There r¡/as an indication that

population levels increase from north t,o south of South Australia as

annual rainfall increases and temperature decreases, This does not mean

that Pythium spp. will be most damaging 'in the south, however, as the

study on P. volutum indicated. More research is needed on the ecology of

different, Pythium spp. to answer these questions.

The studies on control of Pythium y'ielded clear-cut results. In the

fie'ld, effectiveness of metalaxyl in increasing barìey yields t¡/as

clearly demonstrated. However, similar experiments need to be done in

other years and in other areas of South Australia before it can be

conc'luded that this fungicide is an effective and economic treatment for
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barley crops infested with Pythium. Furthermore, the clear response of

bar'ley to metalaxyl in the field may not be ent'irely due to control of

P.ythium ,and this aspect needs to be clarified before conclusions are

drawn on the economic importance of Pyth'ium spp. in barley Ín South

Australia. Further field experiments are currently under way.

A similar cautious view should be taken of the biological control

experiments wit,h P. oligandrum. The results in vìtro and in pots were

clear-cut but they only ind'icate a possible candìdate fon further

research on a field scale.

There are many soil pathogens affectìng the growth of yield of

cereal crops and aìthough Fyth'ium has been the object of study by

myco'logists for a long time it has received relatively little attention

in South Australia. The results of my stud'ies suggest that Pyt,hiuq spp.

are probabìy one of the more important contributors to unthrifty barley

growth in South Austral'ia and deserves further study to assess their

economic, importance. In this respect my results support the views of

Cook and Hagìund (lgAZ) that Pythium is an important pathogen and in

some cases may even be the most ìmportant cause of reduced cereal

yi e1 ds.
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Suminary Pythium spp. v¡ete mo¡e abundant in the southerly and more temperate regions

of the barley growing region of South Australia than in the drie¡ and hotte¡ north. Populations

20 cm soil zone' Eleven sPecies of
,l e ¡ / appeareó to be the most abundant
't*ø'J\S/ P. volutum was also highly patho'

genic; it had not been ¡eco¡ded in South Australia before. A factorial experiment using nine
' Pythíum spp, and fou¡ levels of soil wate¡ indicated that unlike other species, P.lnegulare,

P. volutum znd P. grømínicolum werc most pathogenic in soils with a wâter content closs

to fieltl capacity. A factorial experiment using P. inegulare at four levels of soil water and

six inoculum levels showed that inhibition of growth in barley seedlings by P. irregulare in-

. sreased as the level of water in the soil inc¡eased. The experiments support the hypothesis

that inhibition of growth of barley seedlings by þthíum spp. is most severe in the southerly

parts of the barleygrowing area of South Australia particularly where there is a combination
' - of high soilwater andhigh population densities.

Introduction

Many authors have suggested that Pytn¡um spp. are of economic

importance in cereal cropsr. Moreover, barley may be more suscep-

tible to Pythium root rot than wheats especially after emergence3.

The influence of soil water on Pythium spp. and the disease they cause

is important. For example, P. ultimum has one of the highest soil

water requirements for growth of soil-borne fungal pathogens2. Little
tesearch has been done on the influence of Pythium in cereals in

.-- Australia although fourteen species have been described from Queens-

land where P. aphaniderm\tum is pathogenic on barley6. Barley is

grown in the southern part of South Australia where rainfall is higher

" and temperatures are lower than in the arid north. Within the barley
growing area annual rainfall increases and temperatures decrease from

north to south. Such climatic differences are likely to influence the soil

ênvironment, particularly the level of soil water and so, in turn, in-
fluence the abundance of Pythium and the amount of disease it causes

ln the barley crop. The aiñffiFlñe research described in this paper are

(l) to compare the abundance of Pythium at barley sites in different
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climatic regions;
barley crops; (3)
that different þthium species and inoculum levels have on the growth

t-'- - -*:--of barley seedlings.

(2) to identify the species olÞt@occurrin_g tn

to determine the influence of s-oil water on the effects

irrMaterials and methods

rj

l'r,

tÀ¿

Soil samples
Samples we¡e collected monthlY from Septembe¡ 1981 to August 1982 f¡om three sites

'- containing barley crops: Virginia and Roseworthy in the no¡th and Stathalbyn in the south.

Fout ateas 50m square, were sampled at each site. Thirty subsamples were collected at random

-. -within each square and bulked to form one sample. Thus, four samples we¡e obtained f¡om -----. ---

e¿ch site. The soil in each sample was síeved through a 1,68mm mesh sc¡een and mixed

thoroughly. Soil samples we¡e stored at 4oC a¡rd processed to assess Pythium PoPulations

within 2 days of collection.

were obtained from thd Bu¡eau of Meterology.

Identification of PYthíum sqecies

Hyphal tips were t¡ansferred from aga¡ (CMA). The

plates were incubated for 24 to 48h tip, single sporan-

gium or oogonium was transfer¡ed to a new CMA plate for identification. A keya was used for

identification. Stock cultures of þthium spp. were maintained by periodic transfers,

all Pythium colonies to cornmeal

at iSffiilThen a second hvphal

'üttint 
ititea root glowth of seedlings. , ¡ i ,

ì

ÀL-/1 "ì , - - l-\JdKs /"*-/ 'i:'"i;:mrî::"-'îåiîåï':"ïï:i,i#i;:
co¡nmeal cultu¡e medium (5 g cornmeal, 95 g sand,

on was achieved by mixing 4 week old sand cornmeal

:

: f¡om the soil, washed and measurements of length and d¡y weight of shoots and ¡oots were
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: THE INFLUENCE OF PYTHIUM ON BARLEY SEEDLINGS

Stotistícs

¡ Data were analysed by analysis of variance, regression and Duncan's multiple tange test , ,

rlsing app¡opriate tansformations to no¡malize data, "- ; : :

Results and discussion

, Preliminary survey of Pythium poipulations at three sites' Soil samples, taken at 2 depths from 3 barley sites from September
1981 to August 1982 were processed to determine population levels

, of Pythium spp. The sites were chosen for their diffe¡ent climates.
Virginia and Roseworthy have a lower mean annual rainfall and higher

.,-:- temperatures than the more southerly site in Strathalbyn. Barley crops
were sown in May l98l and harvested in December l98l . As indicated

: in Fig. I , populations in the top layer of soil 0 to l0 cm deep were
consistently higher than those at l0 to 20cm. Populations were also
higher in Strathalbyn than at Roseworthy or Virginia. These obser-
vations suggest that . 

PythiUlL probably has its greatest inhibitory
effect on the growth of barley at germination and emergence when
roots of seedlings are growing through the upper soil layers that con-
tain the highest densities of the fungus. The results also suggest that the
degree of inhibition of plant growth might be associated with the cooler
and wetter conditions at Strathalbyn.

Regression analysis of population levels of-Bylhiu¡ against time
indicated that at Roseworthy and Strathalbyn population levels in-
creased from September l98l to Ai¡eust 1982in the 0 to lOcm soil
zone but decreased at 10-20cm. No statistically significant regles-
sions with time were evident at Viryinia. Superimposed on such long

ü¿ "l

4rÃ./

M'^9/

Ltù/

term seasonal trends were monthly fluctuations. To try and account for
such variations, regression analyses of population levels of-þ!þ!uur
against mean monthly temperature and mean monthly rainfall at each
site were done. There were no statistically significant regressions at
Strathalbyn. At Virginia population levels in the l0 to 20cm zone

-increased with temperature whereas at Roseworthy, population levels

at 0 to 10cm decreased with increasing temperature and rainfall. In
the l0-20cm layer populations increased with temperature as at
Virginia. Apart from indicating that temperature in the surface layers
of soil in the more northerly regions may reduce,Pythigll populations
and that population increase may occur at greater depths, the data
did not support the hypothesis that mean monthly temperature and
rainfall accounted for monthly fluctuations injyjhilll populations.
It is possible that recordings of soil water and soil temperature rather
than meterological data are required and that the influence of other
factors such as pH and salinity should be assessed. Furthermore,

h
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Fig. ¡. Poputation densities of PLthium at three sites, Roseworthy and Virginia in the north

anã Strathalbyn in the south oT ini[ãt.y growing'region of South Australia' Populations

we¡e assessed monthly at two soil tlepths, 0-10 cm (upper gtaph) and 10-20 cm (lower graph)'

Letters on the ¿bsciss¿ denote the fìrst lette¡ of the month'

populations of the genus PythjUm -at the three sites may contain several

species that respond to environment in different ways.
::-:,

found in barleY gíowing areas ;

were isolated from soil containing barley plants and

. Eleven species were identified: P. rostratum, P'

debaryanum, P. acanthicum, P. echinulatum, P. oligandrum, P' paro'

ecandrum, P. iwegulare, P. volutum, P. graminicolum, P' iwayømai, and

P. vexans. All species were isolated from both soil and roots except
found only in roots. The most common
debaryanum and P. rostratum. P. volutunt

uth Australia before and because it appears

to be one of the most pathogenic species, further studies are required

to ascertain whether it is a recent arrival that might pose a threat to
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- Fig. 2. The influence of nine species of Pythium on the mean height of shoots of ba¡ley seed- . . _- ,
lings 4 weeks after sowing at fou¡ levels-ffiater, 25,50, 75 a¡d90% field capacity. There
were five replicates pe¡ treatment,

barley crops or an old inhabitant which is less abundant than other
species.

close correlations between dry weights and lengths and between roots
and shoot measurements, hence, results in Fig. 2 show only the in-
fluence of Pythíum species on mean length of shoots. A statistically
significant interaction (p < 0.01) was obtained between pythium
species and soil water on .length of shoots, hence it is necessary to
discuss relative pathogenicities of the nine Pythium species in terms
of the response to soil water. The interaction is explained by the
markedly high inhibition to plant growth caused by p. irregulare,
P. volutum and P. graminicolum at the higher levels of soil water.
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Fig. 3. The influence of inoculum density of þthíum inegvlare on the mean height of shoots

of barley seedlings 4 weeks aftet sowing, at four levels of soil wate¡ 25,30,75 and 9Ù%field
capacity. The¡e were five replicates per treatment. Nume¡als at the ends of the graphs denote

%field capacity. l

In the controls and most of the other Pythium species shoot growth

increased as soil water increased. In practical terms it is possible that
the most serious reductions in barley glowth due to Pythium occur
when soils afe close to field capacity, and where population densities

of such species as P. itegulare arehigh.

The relationship between soil water and inoculum density
o/Pythium irregulare on the growth of barley

Six inoculum levels, similar to those found under field conditions,
and four levels of soil water with five-fold replication were used in a
factorial experiment. Length and dry weight of shoots and roots were

measured. As lengths and weights and roots and shoots were closely

correlated only the results for shoot length are given (Fig. 3). Analyses
of variance indicated that for all measurements of shoots and roots,
soil water and inoculum density had significaît (p < 0.01) effects'
There was also a significant interaction (p ( 0.01) between soil water
and inoculum density because P. irregulare appears to be particularly
inhibitory at certain levels of soil water. A Duncan's multiple lange

test was used to help interpret the data and the following conclusions
were drawn: (l) As inoculum density increased barley growth de-

creased. (2) As soil water increased from 25 to 90% of field capacity
barley growth decreased except in the uninoculated controls and the

;Fhh
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lowest inoculum level of 0.5g of inoculum/IOOg soil where growth

V,

markedly increased. This different response at the low and high inocu:

lum levels was responsible for the interaction. This result supports the

hypothesis that at least for P. írregulare inhibition in growth of barleY

seedlings is associated with high population levels of the fungus and

soils approaching field capacity. The biological explanation of the

interaction is open to several interpretations which only further studies

can elucidate. Thus, high levels of soil water may reduce the resistance

and tolerance of the plant to attach by P. irregulare, or infection by - , '

the fungus may reduce the tolerance of the plant to high soil water

.levels and consequent lack of aeration or soil water may influence the -

infectivity of P. irregulare thtotgh the motility of its zoospores if . - :

they are produced. : , l
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APPENDIX

Explanatory Note

Percent Field Capacity

The procedure adopted to obtain four levels of soil water in the

experirnent described on Page 53 was to determine the moisture characteris-

tic of the soil i.e. the relationship between the matric potential and

soil water content, to select a matric potential (or suction) at which nost

of the water had drained from the soil (designated as field capacity by

Bratoloveanu) and then to select leve1s of natric potential that give an

adequate coverage of the release curve. Such a procedure enables soils to

be controlled over a range of water contents. No attempt was made to

relate the actual value of natric potential to the pathogenicity of the nine

species of Pythiun; the hypothesis was less precise than this and was

mainly concerned with the question whether the different Pythium species

behaved sinilarly at the different soil water levels and whether there were

any statistical interactions between soil water content and Pythiurn species

on shoot growth. The results of this experiment were accepted by the

referees of 'rPlant and Soil" where this work was published.

MetaIaxyl Treatments

Concentrations of 250, 400 and 750 ppm a.i. of netalaxyl were used

and similar concentrations have been used by other workers in agar assays

for Sclerotinia sclerotiorum, a fungal pathogen of several vegetable crops

Dr. Cook is conect in saying that the published ED50 value for Pythiun is

about 1 ppn. I can only assume that the ED50 value is questionable or the

strains of Pythiun used in the experiments are more resistant to the fungi-

cide than those used to determine the ED50.




