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This disease was recorded in 1978 in New Zealand, and
found to be a serious disease of peas in the South Island.
Disease avoidance is possible, i.e .. growing peas only in
infested soils with low or moderate amount of inoculum.
The literature on the pathogen and factors affecting development of the disease are reviewed, and these aspects studied
to determine alternative control methods.
When soil samples from 18 infested fields were tested by
the Disease Severity Index method (DSI) and direct counting of
oospores, there was a curvi-linear relationship (r
between DSI and number of oospores in soil.

=

0.97***)

These results

were confirmed when a known number of oospores produced in
culture were added to non-infested soil.
On potato dextrose agar, growth of Aphanomyces euteiches
was inhibited by water potentials between -20 and -30 bars
depending on temperature.

In glasshouse trials with infested

soils, disease increased linearly between -200 and -3 millibars in pea plants grown at 8

0

,

12 0

,

16°, 20 0 and 25 0

•

Yields decreased with increased moisture levels and temperatures.
The disease in peas was related to both the inoculum and
growth stage at time of infection.

Yield was reduced by 35%

when the moisture of an infested soil was raised to field
capaci ty (0 millibars) ·at 3 weeks after sowing, but yield was
not affected in plants in soil raised to field capacity at the

flowering or podding stages.

Aphanomyces euteiches parasitised Medicago sativa~
Trifolium repens~ Stellaria media~ . ~ola arvensis and Capsella
bursa-pastoris in the glasshouse and field.
Infected plants
showed no symptoms,but the fungus could be isolated from their
roots, and each of the isolates infected peas which showed
typical symptoms.
The effect of the fungicides, pyroxyfur, metalaxyl and
hymexazol was assessed on Aphanomyces euteiches in vitro.
Pyroxyfur at 1 ppm inhibited hyphal growth while significant
reductions occurred at > 10 ppm with metalaxyl and hymexazol.
Zoospore formation was inhibited by pyroxyfur at 10 ppm and
by metalaxyl and hymexazol at > 100 ppm, whereas zoospore
motility was inhibited by pyroxyfur and hymexazol at 1 ppm
and metalaxyl at 5 ppm.

Pyroxyfur and metalaxyl at 1 ppm

significantly reduced oospore formation with hymexazol effective at 10 ppm.
The same fungicides were tested as seed treatments in
glasshouse trials.

After 4 weeks of growth all treatments

showed similar levels of control.

After 12 weeks growth,

with soil of DSI 50, the disease was significantly reduced by
rnetalaXyl (-26%1 and hymexazol (-45%), but with soil of DSI
100, no differences were observed.

In the same trials,

~~

fungicide combinations did not improve the efficacy of seed
treatments.

In a separate trial, pyroxyfur treated seed

grown in soil with DSI 100 reduced DSI significantly (-18%)
after 6 weeks with root dry matter being increased by 39% and
total dry matter by 23%.

Significant jncreases in top dry

matter occurred at 2 weeks ·(+44%) and 8 weeks (+78%).
There were no significant interactions between the fungicide
treatments, moisture levels (-200, -28 and -3 millibars) and
temperatures (20

0

and 24 0

).

Growing Brassica napus in infested soils for 4 months
reduced the DSIi

from originally 58 to 27, from 72 to 53,

and from 81 to 56.

There was no change in DSI when Triticum

aestivum, TrifoZium repens or no plants were grown in the

same soils.
When dried leaves and stems of 5 brassica species were
incorporated (0.5% of the soil dry weight) into infested
soil, there were significant reductions in DSI and oospore
numbers.

The trend in reductions with length of time of

incorporation was similar with greater effect from 6 weeks
incorporation compared to 3 weeks.

Wi.th soils of DSI 50,

75, and 100, the mean effect of Brassica napus, Raphanobrassica and Sinapis aZba were equally effective, reducing

DSI by 32-38% and oospore numbers by 66-72%.
When the same brassica species were grown for 6 months
in infested soils and subsequently the roots alone incorporated
into the soils for 6 weeks, there was an average reduction of
41% in DSI and 56% in oospore numbers by Brassica oZeraceae,
Brassica napus and Raphano-brassica.

This cultural method,

by reducing inoculum, is of value in the control of aphanomyces
root rot.
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PREFACE

The fungus, Aphanomyces euteiches, which causes
common root rot oraphanomyces root rot of peas (Pisum

sativum) has been found in Canterbury and Nelson soils over
the summer period of 1978-1979 (Manning and Menzies 1980).
This disease occurs in North America, Europe, Australia
and parts of Japan (Anon. 1977).

In the field, it appears

that peas are the only host ·'-plant to be severely affected.
Inf ection by the pathog en and diseas e developnent are
favoured by wet soil conditions and warm temperatures with
an optimum temperature of 16 0 for infection and for symptom
development between 20 0 and 28 0

•

One of the major problems with this disease is the
longevity of the fungus in soil.

The fungus has a resist-

ant oospore stage, the survival unit of the life cyc-fe, and
thus

c~wpersist

in field soil for up to 10 years.

The

fungus appears to infect roots without showing any symptoms
on a wide range of plants other than peas.

The lack of pesticide control has added to the :wroblem
caused by Aphanomyces euteiches.

The present control is by

disease avoidance using a Disease Severity Index method (Sherwood and Hagedorn 1958) which can give some guidance as to
whether or not a field can be used to plant a future crop of
peas.

The objectives of the proposed research programme were
to investigate in detail certain aspects of the disease,
namely:
1.

To evaluate methods for assessing inoculum density
and rotential of Aphanomyces-euteiches in soil.

2.

To determine the effects of water potential, moisture
content and temperature of soil as factors in the
d e.relopment of aphanomyces root rot of peas •

3. ~

To study the rol e of legumes and other weeds as
alternate hosts for Aphanomyces euteiches.

4.

To evaluate potential control methods:
a) The effectiveness of chemical seed treatments on
the pathogen and disease development.
b) The effects of brassicaamendments in aphanomyces
infested soil on subsequent disease severity and
oospore levels.

1

CHAPTER 1

THE BIOLOGY, ECOLOGY AND -DISEASE POTENTIAL OF

APHANOMYCES EUTEICHES DRECHSLER - A LITERATURE REVIEW

1.1

BIOLOGY OF APHANOMYCES EUTEICHES

1.1.1

Introduction
Common root rot of peas (Pisum sativum) caused

by Aphanomyces euteiches Dreehsler was first reported by Jones
and Drechsler in 1925.

Prior to 1925, there could well have

been reports of pea root rots which could have had Aphanomyces

euteiches as the causal pathogen.

The fact that this important pathogen of peas
remained undescribed for so long is due to the difficulty of
isolating it in pure culture.

One cause of failure has been

the brief active vegetative stage the
tissues.

~ungus

has in host

Thus, Jones and Drechsler (1925) reported that even

when the fungus was present in host tissues, it could only be
induced to grow out into the culture medium with difficulty.
Another problem was the invasion of infected tissues by a
large number of vigorous saprophytes which followed the pathogen, and interfered with its isolation.

1.1.2

Taxonomy and Nomenclature
In 1860, de Bary (cited by Scott

a new genus Aphanomyces.

1961) established

These fungi have hyphae without cross

2

walls and produce oospores as resting spores and zoospores
or zoosporangia as asexual spores.

The taxonomic status of

Aphanomyces is as outlined in the following (based on Ainsworth et aZ.

1973)
Division

E'.,lmycota

Sub-division

Mastigomycotina

Class

Oomycetes

Order

Saprolegniales

Family

Saprolegniaceae

Genus

Aphanomyces

Species

Aphanomyces euteiches

The generic name Aphanomyces, chosen by de Bary,
came from the Greek meaning aphanes + myces

=

obscure fungus.

This referred to the macroscopic appearance of the mycelium
for when a piece of infected tissue is put in water, the fungus
grows forming a very delicate. halo of filaments which develop
radially from the submerged subtratum and extend outward into
the surrounding water.

Later, Scott (1961) reported that

members of this genus produced two types of zoospores, a
phenomenon called diplanetism, fungi possessing this characteristic are said to be diplanetic, or better dimorphic.
the genus there are 25 species (Ainsworth et aZ.

Within

1973).

Aphanomyces euteiches Drechs. was reported by Drechsler (1925)
as a pathogen causing root rot of peas.

1.1.3

Morphology
The following description is directly from Jones

and Drechsler (1925):

3

"Hyphae hyaline, branching at moderate intervals

(20 to 150

~m)

at angles approaching a right angle;

4 to 10

~m

in diameter, the individual filaments not abruptly varying in
width;

occurring in nature within cortical cells of the host,

in nutrient solutioris as extensive nebulous translucent mycelium.

sporangia in artificial culture arising by conversion of extensive portions of vegetative mycelium delimited by
one or more septa;

often including many ramifications;

charging through one or several (up to four)

dis-

tapering branches,

the distal portions of which measure usually approximately 8
to 11

~m

in diameter, rarely up to 16

~m,

diplanetic, the

empty spherical wall being distinguished by a protruding
evacuation tube 1

~m

long by 2.5 to 3

~m

in diameter.

Oogonia generally, if not always terminal on a
short lateral branch, from which they are delimited by a
partition sometimes present as a simple septum, at other times
as a columella-like structure protruding into the oogonial
cavity;

subspherical,. measuring usually 25 to 35

~m

in

diameter, when mature exhibiting a ,heavy peripheral wall with
smooth outer contourandsinous inner contour, hence of irregular
thickness varying between 1 to 5
2. 5

~m

(generally between 1 to

~m).

Antheria typically of diclinous origin, borne on
a stalk frequently involved with the oogonial stalk_and often
branching once or several times measuring 8 to 10

~m

in

4

diameter by 15 to 18

~m

in length, or when considerably

larger often more conspicuously arched, somewhat lobulate,
and becoming compound by the insertion of transverse septa.

Oospores subspherical or more rarely ellipsoidal
owing to intruding columella-like septum;
erally 20 to 23

~m)

in diameter;

18 to 25

~m

(gen-

provided with a wall of

uniform thickness between 1.2 to 1. 8

~m

(generally 1. 5

~m);

slightly eccentric in internal structure ('subcentric')
germinating without protracted resting period either directly
by 1 to 3 germ hyphae or by production of a single unbranched
sporangial filament usually 200 to 350

~m

in length, in the

latter event producing generally 13 to 18 zoospores, approximately half of which are delimited with oospore wall."

1.1.4

Disease Symptoms and Their Development
Peas are susceptible to Aphanomyees euteiches

root rot at all stages of growth.

Infection occurs during

the growing season whenever environmental conditions are
favourable.

The symptoms depend on the stage of development of

the host when infection occurs.

Zoospores were reported by

Scharen (1960) to be the primary ihfective agent and
according to Cunningham and.Hagedorn (1962),

penetration into

the host took place within 2 h after contact.

First symptoms of infection could be apparent
3 to 4 days after penetration of roots and epicotyl as softened,
water-soaked and slightly discoloured lesions in the cortical
region

(~ones

and Drechsler

1925).

These authors reported
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that the water-soaked area was initially firm and gradually
became pale yellow to straw colour.

Later, the tissue

became soft, especially in the epicotyl area, which became
darkened with age and eventually collapsed and disintegrated.
They maintained that the dark colour in advanced stages of
diseases was due partly, if not entirely, to invasion by
secondary soil micro-organisms.

These fungi were incapable

of initiating infection in living intact tissue by themselves,
but thrived on the decomposing pea tissues often giving a reddishness

to the vascular system of the plant.

At this

stage, root rot caused by Aphanomyces euteiches could not be
distinguished from that due to other pathogens.

Once the

plant roots were destroyed and the epicotyl affected, the plant
wilted and collapsed.

According to Haenseler (1926), above-ground
symptoms of the disease were not characteristic, except for
the few cm of discolouration of the epidermis which extended
up the stem especially under humid conditions.

However, he

reported that if the plants became invaded in the basal stem
region below ground as well as in the roots, before they had
developed more than 3 to 4 nodes,

~udden

wilting could result.

If infection was delayed until roots became well-developed,
the result was a general retardation of growth, with the lower
leaves becoming brittle and yellow.
were observed

Fre,quently, the plants

to persist in a weakened condition until their

poorly-filled pods had become mature.

If extensive invasion

of the roots did not occur until flowering, then under favourable conditions, the plants could mature without any indication
of injury, provided there was sufficient soil moisture.

A
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good crop could be obtained despite rotting of the cortex of
the roots.

To distinguish plants infected with Aphanomyces

euteiches from ,those attacked by other fungi, Jones and
Drechsler (1925) developed two tests that could give a decisive
indication of this disease:
1.

If an infected plant was pulled by the stern, the vascular
cylinder of the taproot would pullout readily from the

decayed cortex as a long string, whereas roots of healthy
peas would almost always break at the area of seed attachment.
However, this test was not satisfactory in early stages of the
disease and in dry compact soils.
2.

Microscopic examination of the decayed cortex to reveal
the presence of oospores which have a very characteristic

morphology (Figure 1.1).

1.1.5

Life Cycle
The life cycle of the pathogen is shown in Figure

1.2, after Jones and Drechsler (1925) and Scott (1961).

During the vegetative stage, the pathogen first
develops as abundant hyaline, non-septate, moderately branched
hyphae within diseased roots.

The hyphae vary considerably

in diameter, the axial filaments develop short diverticulate
spurs, which exhibit only a slight tendency to penetrate host
cells (Scott

1961).

The mycelium is largely intracellular,

the hyphae being orientated longitudinally within the cells.
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Figure 1.1:

Oospores of Aphanomyces euteiches in
root tissue from plants grown in
naturally infested soil.
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Figure 1.2:

The life cycle of Aphanomyces euteiches (after
Jones and Drechsler 1925, and Scott 1961) .

Young, vigorously growing hyphae, and those destined to
become zoosporangia, are densely packed with coarsely granular
cytoplasm, the hyphal tips sometimes appearing light brown
in mass.

In older, less vigorous hyphae, the cytoplasmic

contents are restricted to a thin peripheral layer with a
large, extensive, central vacuole.

According to Scott l196l), the sequence of events
occurring in vegetative growth and asexual reproduction may
be'divided into three distinct phases:
i)

vegetative growth of thallus,

ii)

differentiation of primary zoospores within the zoosporangium,

iii)

discharge of zoospores, and the encystment and aggregation of encysted zoospores at the orifice of the zoosporangi~.

Drechsler (1929) reported that primary zoospores,
upon discharge, assumed a spherical shape, secreted a cellulose
wall and aggregated at the orifice of the
irregular mass.

The

from a few to 100.

n~ber

sporangi~

as an

of zoospores liberated varied

The period of. encystment

usually lasted

from 1 to 3 h when secondary zoospores emerged from encysted
primary zoospores.

Haenseler

(1925) showed that zoospores were the

chief means by which fungus extended its distribution in the
soil, but they did not migrate in soil more than 1 - 2 cm.
Cunningham and Hagedorn (1962) found that the fungus was
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attracted to the host by 'chemotaxis.

The area of

maximum attraction was in the region immediately behind the
root cap.

They also observed that penetration through

epidermis of the root occurred after the active zoospores
carne to rest and encysted on the surface of the root.

Each

zoospore formed a simple germ tube about 5 ]. 1 m diameter and
up to 10 ]..1m long.

After 2 h, many germ tubes penetrated

the epidermis of the host plant either between epidermal
cells or directly through a cell wall.

Jones and Drechsler (1925) considered oospore
formation was induced when mycelium was exposed to adverse
conditions such as environmental stress.

The purely vegetat-

ive condition represented a rather brief stage in the life
cycle of the fungus in infected pea tissue and this ended when
tissue began to collapse.

In their observations, oospores

began to form as infected roots disintegrated after a massive
invasion by the fungus.

The same authors reported that

oospores had no dormancy and germinated immediately.
Germination was either by zoospores or hyphae depending on
the nutrients available.

When nutrients were in short supply,

germination by means of zoospores predominated.

Sherwood and Hagedorn (1962) concluded that
oospores were a major factor in the survival of Aphanomyces

euteiches between pea crops.

However, they doubted whether

oospores could survive plant tissue.

Boosalis and Scharen

(1959) demonstrated that disintegrating root tissue which
contained oospores occurred in the soil, while Papavizas and
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Ayers (1974) reported that they had obtained evidence which
indicated that oospores could survive

with~n

root debris for

10 years.

1.1. 6

Factors Affecting Disease Development

A.

Temperature

Peas can become infected with Aphanomyces

euteiches throughout the entire temperature range in which
Jones and Drechsler (1925) reported that

the crop is grown.

root infection could occur between 15° and 34° with the
optimum between 15° and 30°.

Similar results were obtained

by Smith and Walker (1941) and Sherwood and Hagedorn (195S).
Later studies by Lockwood and Ballard (1959) and Cho and King
(1963) narrowed the optimum range for disease development to
between 20

°

°

and 25 .

This temperature range closely approxi-

mated that found to be favourable for growth of Aphanomyces

euteiches in culture (Llanos and Lockwood

1960).

More recently, Burke and Mitchell (196S) and
Burke et al.

(1969) reported that infection of the taproot of

peas was greater at 16° than at 24°, or 3So even though the·
latter temperatures were optimal for root rot development.
However, infections at the 16° temperature remained latent
and' symptoms seldom developed unless the plants were suhject
to higher temperatures.

In plants grown at temperatures

ranging from 20° to 2So, after an initial incubation at 16°,
disease severity was similar after IS to 21 days.

This

indicated that in soils where. other root pathogens existed,
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the optimum temperatures for symptom development ranged from
20 to 28

0

•

B.

Soil Moisture

Aphanomyces euteiches is dependent on a high
level of moisture for infection, root rot development and rapid
spread.

The favourable effect of high soil moisture has been

observed many times and serious outbreaks are exclusively
associated with wet seasons.

Smith and Walker (1941)

reported that when soil moistures reached 30 to 35 per cent
saturation, severe root rot could occur.

Jones and Linford

(1925) observed in their survey that frequent rains that
maintained a high soil moisture increased root rot severity.
Haens:e).er (1926) reported that root rot was favoured by high
soil moisture with 30 per cent of waterholding capacity being
close to the minimum for the disease.

Burke et at.

(1969)

were able to show that only brief periods of soil saturation
were necessary for seedling infection and these may occur
after periods of only a few hours of rain.

Reinking and

Newhall (1950) observed in their surveys that pea rot was not
important during extreme dry growing seasons, even though the
soil might be infested with Aphanomyces euteiches.

Pea losses, due to root rot, may not be proportional to the amount of irifection but may depend on the time of
infection in relation to the stage of pea growth and the amount
of soil moisture.

Haenseler (1926) found that if infection

occurred early or if infected plants were subjected to extreme
drought at pod development, injury could be so great that the
entire crop could be lost.

In wet soils and especially if
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infection occurred at late stages of plant growth, damage
to the plants was not severe as long as the water conduction
system was intact and provided other parasites or saprophytes
did not invade the affected tissues.
C.

Soil Type

There is lack of agreement about the effect of
soil type on development of root rot.

Drechsler (1925)

concluded that any soil that retained water or in which water
was held because of its relation to impervious subsoil could
provide favourable conditions for development of the disease.
Jones and Linford (1925) reported that no soil type provided
an environment in which root rot could develop more readily
than any others.

However, in soils with similar cropping

histories, more severely infested fields were found on clays
or clay loams than on loams, silt loams or lighter soils.
D.

Plant Age

The older the pea plant is at the time of

infect~

ion, the lower will be the infection rate and the amount of
root rot.

Lockwood and Ballard (1959) obtained more pea root

rot when 4 and 6 day old seedlings were inoculated than with
8 day old seedlings.

Lockwood (1960) inoculated plants at 0,

8 and 21 days after planting and concluded that disease development decreased with increasing plant age.
E.lnteraction with Other· Pathogens
Root rots of peas in the field are complex
diseases which may be caused by several fungal pathogens
(Alconero and Hagedorn

1967) and possibly by nematodes (Hag-
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lund and King

1959).

It is very difficult to ascertain what

is the role of each pathogen and the nature of the interrelationships between pathogens.

Pivaral (1967) reported

no interaction between Pythium and Aphanomyces euteiches in
the pea root

r~t

syndrome.

Nematodes associated with pea

root rot and their relationship to Aphanomyces euteiches have
been studied (Haglund and King
1963;

Temp

and Hagedorn

1961;

Taylor

1960;

Davis

1968), but no interactions were

found.

Viruses appear to

h~ve

a significant role in the

development of aphanomyc.es root rot of peas.

Farley and

Lockwood (1964) reported that virus-infected plants showed
increased susceptibility and this observation was supported
by Beute and Lockwood (1968) who presented evidence which
indicated that virus-infected plants exhibited an increased
exudation of nutrients, including amino acids, carbohydrates,
organic acids and nucleotides.

1.1.7

Host Range
The papers listing plants reported to be

parasitised by Aphanomyces euteiches have been reviewed by
Papavizas and Ayers (1974).

Most inoculation studies on

plants other than peas have been performed using pure culture
techniques and many species shown to be susceptible under
these conditions may not be attacked by the fungus in the
field.

Haenseler (1926) tested the susceptibility of many

hosts in naturally infested soil and showed that most suscept-
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ible species were legumes.

Later investigators had also

reported that legumes were the main hosts while other species
were also susceptible (Linford
1961) .

1927;

Geach

1936;

Geard

The later host range studies were based on inoculat-

ions of plants with pure cultures under aseptic conditions.
Table 1.1 shows only hosts reported to be susceptible from
tests on infested soil collected from the field.

Table 1.1:

Plant species reported as hosts
.e.u t.e.i.a.h.eJi...
... ..

Host

Common name

of~fh~~o~yces

Reference

GRAMINEAE

AVena sativa
Zea mays

oat

Geach (1936)

corn

Haenseler (1926)

soybean

Haenseler (1926)

perennial pea

Linford (1927)

lUcerne

Haenseler (1926)/
Linford (1927)

white sweet clover

Linford (1927)

bean

Geach (1936)

alsike clover

Eaenseler (1926)

subterranean clover

Geach (1936)

narrow leaf vetch

Geach (1936)

purple vetch

Geach (1936)

woollypod vetch

Linford (1927)

bitter vetch

Geach (1936)

scarlet vetch

Linford (1927)

Hungarian vetch

Linford (1927)

common vetch

Linford (1927)

LEGUMINOSAE

GZycine max
Lathyrus ZatifoZius
Medicago sativa
MeZiZotus aZba
PhaseoZus vuZgaris
TrifoZium hybridum
Trifolium subterranean
Vicia angustifoZia
Vicia benghalensis
Vicia dasycarpa
Vicia ervillia
Vicia fuZgens
Vicia pannon1.,.ca
Vicia sativa
Vicia angustifoZia
Vi cia viZZosa

I

cowpea

Haenseler (1926)

hairy vetch

Haenseler (1926)
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1.2

GEOGRAPHIC DISTRIBUTION

Aphanomyces euteiches has been reported from Asia,
Australasia, Europe and North America (eM1

1977).

In

.Asia, the only report has been from Japan CYokasawa et aZ.
1974) .

In Australia, Geach (1936) reported that the severity
of the disease had forced abandonment of pea growing in
some areas of Tasmania.

In New Zealand, the fungus was

found in parts of the Nelson and Canterbury districts in the
late 1970s (Manning and Menzies

1980).

In Northern Europe,

the fungus has been recorded from France (CMl
Britain (Dennis and Foister
way (. eMI. 1977).

1942;

Moore

1977);

1943) and in Nor-

In Southern Sweden, the fungus regularly

causes considerable economic losses (Linford and Hetmberg
1941) .

It has also been reported to occur in Denmark

(Solberg
(Kotova

1926) and in the

non-cha~ozem

zone of the U.S.S.R.

1969).

In the United States, it is found in practically every
pea growing district, occurring frequently and often
destructively (Papavizas and Ayers

1974), except in Northern

New England and North Pacific coast where it seldom appears
to be severe except in irrigated areas.

The disease is

concentrated in those States near to the Great Lakes where
soil moistures may be high during spring and summer.
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1.3

ECONOMIC IMPORTANCE
Estimation of yield losses caused by Aphanomyaes

euteiahes is extremely difficult since numerous factors
can be responsible for variation in yield.

Furthermore,

. since this fungus is almost always accompanied by other
parasitic and quasi-parasitic fungi, it is difficult, if
not impossible, to apportion the part played by each one.
Zaumeyer (1962) considered the fungus to be one of the most
important pathogens in the pea root rot complex, while Carley
(1969) considered common root rot of peas incited by

Aphanomyaes euteiahes to be one of the limiting factors in
pea production in the united States.

In Minnesota in the

1950s, Johnson (1953) reported that it was conservatively
estimated that Aphanomyaes euteiahes accounted for 80 per
cent of the root rot of peas.

During 1951-60 in the United

States, an average annual loss of ten per cent was attributed
to Aphanomyaes euteiahes (U50ep1of~ri·1965).

The pathogen is

also of major economic importance in other areas of the
world.

The abandonment of pea-growing in Tasmania in the

1920s and 1930s was dUe to heavy infestation with Aphanomyaes

euteiahes (Geach
losses (Stubbs

1936) which caused increasing economic
1971).

In Sweden, when temperature and

moisture have been favourable for disease development, damage
has been so severe that the crop has not been worth harvesting (Olofsson

1967).

Manning and Menzies (1980) were the first to report
that Aphanomyaes euteiahes was responsible for severe losses
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in pea crops in New Zealand.

Symptoms shown by diseased

plants from affected crops in the 1977-18 and 1978-79
seasons in Nelson districts were similar to those described
overseas as being caused by the pathogen.

Later, a survey

showed that the fungus was also responsible for severe
losses throughout Mid-Canterbury (Manning and Menzies
1980) .

1.4

CONTROL
The literature on control methods has been reviewed

by Papavizas and Ayers (1974).

No reliable economic

methods have yet been found that will control the disease
in peas sown in heavily infested soil.

1.4.1

Resistant Cult-ivars
Breeding for resistance has been attempted

without success.

In the 1920s, some pea cultivars were

shown to be more tolerant than others to Aphanomyces

euteiches (Haenseler

1925;

Jones

1926), but no cultivars

were reported to be highly resistant.

Lockwood (1960)

reported that problems associated with breeding of resistant
cultivars were due to:
i)

low levels of resistance in breeding material,

ii)

inability of this type of resistance to express itself
in the field,

iii}

the presence of races of the fungus,

Iv)

the synergistic action of several pathogens.
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1.4.2

Chemical Control
There have been no reports on economic and

effective chemical control of Aphanomyces euteiches
(Papavizas and Ayers

1974).

There is little information

on the effect of seed treatment.

In the 1960s and early

1970s, considerable research was on control of the disease
by soil fungicides.

Some chemicals showed beneficial

effects in greenhouse trials and limited effects in field
trials;

however, none could be recommended for widespread

field application.

The cost of soil sterilisation by

chemical treatments does not permit its use in the field.

Field and glasshouse studies by Katan and Eshel
(1973), Harvey et az'

(19751, Jacobsen and Hopen (1975),

Grau and Reiling (1977) and Tesdale et az'

(1978) with

dinitroaniline herbicides showed that they suppressed root
rot.

1.4.3

Cultural control

Jones and Linford (1925) reported that one of
the major problems with

aphanomycesroot rot was the longevity

of the pathogen in soil where it could persist for up to 10
years as oospores.

Walker and Hare (1943) showed evidence

that persistence for 5 to 6 years was common.

Thus, once a

field has become heavily infested with the pathogen, it is
many years before it is safe to grow peas in it again.
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The value of crop rotation as a control method
was questioned by Olofsson (1967) who considered that once
a heavy infestation occurred, it could take 10 to 15 years
for the inoculum density to reduce.

Temp and Hagedorn

(1967) made the first systemic study of the effect of
cropping patterns on the disease.

They found crop rotat-

ions of even 10 years were not always effective enough to
eradicate root rot, but could reduce inoculum density to
such an extent that a profitable pea crop could be grown.
Jones and Linford (19251 stated that there was a direct
relationship between the number of pea crops and root rot
severity and thus rotation of crops may help keep root rot
in check.

The best method of disease control appears to
be disease avoidance.

A method which involved indexing of

soil to show its disease potential, was devised by Sherwood
and Hagedorn (1958) and Reiling

et aZ.

(1960).

Soils were

collected at random from the fields and in a glasshouse, peas
were sown in each soil as bait plants.

The inoculum

potential of the pathogen and infectivity of field samples
were determined by the severity of infection under glasshouse
conditions.

Hazardous fields were identified and disting-

uished from non-infested or slightly infested areas.
This method of land selection, if performed routinely and
accurately, can be valuable in avoiding severe crop losses
from root rots caused by Aphanomyces euteiches (Papavisas
and Ayers

1974).
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CHAPTER. 2

EVALUATION OF METHODS
FOR ASSESSING INOCULUM DENSITY OF

APHANOMYCES EUTEICHES IN SOIL

2.1

INTRODUCTION
If more is to be learned about the survival and spread

of Aphanomyces euteiches in the soil, it will be necessary
to have available a reliable and accurate method for
quantifying the inoculum present in soil samples.

Although

the glasshouse technique for assessing root rot potential of
field soil, devised by Reiling et aZ.

(1957) and improved by

Sherwood and Hagedorn (1958), is a valuable tool for grower
advisory services, the method is not sufficiently accurate for
use in research into the population biology of the pathogen
(Pfender et aZ.

1981).

Inoculum density can be defined as the abundance of the
pathogen both in the saprophytic and pathogenic phases in
the biological cycle in the soil (Bouhot

1979).

Several

methods for precise measurement of inoculum density of

Aphanomyces euteiches in soil have been developed.

One

method, to determine inoculum density, devised by Boosalis and
Scharen (1959) was to count the number of oospores of
Aphanomyces~

embedded in plant debris, per unit volume of

soil by microscopically examining organic debris separated
from soil by wet sieving.

However, they reported the method
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to be tedious, and furthermore, it did not indicate the
viability of the propagules.

Mitchell et al.

(1969)

also separated organic debris from soil but used a host
bioassay technique to quantify infectivity of the material
obtained.

Burke et al.

(1969) did not separate infested

soil into organic and mineral fractions, but estimated the
inoculum level by counting the number of infected plants
when the roots of test pea plants were allowed to grow through
a layer of infested soil placed over vermiculite.
a

'most probable number

t

However,

(MPN) approach failed because the

roots of pea plants were not infected when infested soil
was diluted with non-infested soil.

pfender et al.

(1981)

developed a MPN bioassay in field soil and gave results that
were consistent with those from the root rot potential test
of Sherwood and Hagedorn (1958) and correlated well with
epidemiology and yield measurements from fields in which the
disease was present.

The disadvantage of this technique

was that the resultant MPN was a statistical estimate of the
most probable number of infective inoculum in a given amount
of soil (McGrady

1915;

Geldreich et al.

1967) and thus

the result could not be regarded as an actual count of the
inoculum population in the soil sample.

As the methods reported in the literature did not
appear to be suitable for precise measurement of Aphanomyces

euteiches inoculum density, it was decided to evaluate the
techniques presently in use and to ascertain whether they
are reliable and if they were sufficiently simple and rapid
to be used in this project on large numbers of samples.
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In the first part of this chapter, the Literature
Review provides information on the facts and concepts
required for ecological studies of soil fungi including the
three techniques chosen to test.

In the second part, the

results obtained using the three techniques were compared
and discussed.
1.

The techniques tested were:

Disease severity index method (DSI) of Reiling et at.
(1957) and Sherwood and Hagedorn (1958).

2.

Direct microscopic examination method and counting
of oospores devised by Boosalis and Scharen (1959).

3.

Dilution-.end point technique (most probable number)
of pfender et at.

2.2

(198l}.

REVIEW OF LITERATURE
P.rediction of crop losses required a considerable

amount of fundamental epidemiologicalinforrnation, which is
often difficult to obtain and to interpret (James

1971).

Information on inoculum density and an understanding of the
relationship between inoculum density and disease intensity
is of basic importance for this type of study on a soilborne problem (Ashworth et at.

1981).

The difficulty of studying the biology of plant
pathogens in soil is mainly due to the soil's opacity, this
together with the presence of an established population of
micro-organisms with their own biology and not necessarily
having any connection with host plant (Park

1963), further
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complicates matters.

The study of such pathogens has

been hindered because there are no suitable methods for direct
observation or measurement of their occurrence.

Menzies

(1963), in his review, stated that techniques and sampling
methods developed for above-ground plant pathogens, where the
inoculum almost always consisted of discrete propagules could
not be applied easily to studies of the soil's environment.
Gilligan (1983) supported Menzies'

(1963)

st~tement

and added

that the role of disposal was frequently reversed in the
soil, for ironically it was usually the host that "advertently
seeks out" the pathogenic propagule, by growing close to it.

According to Menzies (1963), the occurrence of disease
in the plant root system was dependent upon the presence of
a certain minimum amount of inoculum of the pathogen in the
vicinity of the roots.

Geypen (1973) defined inoculum as

"viable material which could infect a host."

Many factors

in the soil environment may intervene in one way or another
to influence the effectiveness of inoculum.

The severity of soil-borne plant pathogens has been
expressed in terms of the amount
the host plant.

o~

the disease produced in

According to Baker (1968), the two factors,

most important in determining disease severity, were inoculum
potential and disease potential.

Dimond and Horsfall (1960)

in their discussion of inoculum and inoculum potential,
defined the latter as "the resultant of the action of the
environment, the vigour of the pathogen to establish an
infection, the susceptibility of-the host and the amount of
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inoculum present."

These authors drew an analogy between

inoculum potential and potential energy, the magnitude of
which could be expressed as the product of the intensity
factor and the capacity factor.

Environmental influences

comprises the capacity factor and the inoculum expressed in
suitable units was the intensity factor.

Garett (1960)

also viewed inoculum potential as a combination of the
population of the pathogen and the interacting environmental
factors that affected the 'nutritional status' of the inoculum
at the surface of the host.

Disease potential, according to

Baker (1978), was "the susceptibility of the host over the
period of its life cycle as influenced by disease proneness."
Menzies (1963) pointed out that whatever definition is used
for describing the disease-producing power of a soil, the
inoculum component must be measured before the environmental
effects can be analysed.

He showed that it was also import-

ant to know whether these effects operated on the inoculum
directly by changing its ability to survive and infect or on
the host plant by changing its susceptibility.

Thus, it can be concluded that for any detailed study
of a soil-borne disease, a means

o~

quantitative evaluation

of the inoculum potential of the pathogen is a prerequisite.

Methods for quantitative studies
1.

plant infection tests for deterrniningthedisease
severity index - Menzies (1963) stated that the presence

of disease in a plant infection test was an integration of
many factors.

An important one was the population of the
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pathogen and there could be significant changes in the population of the pathogen from the time of sampling to the time
of assessment as a significant period was required to grow a
host plant and obtain disease symptoms.

As a result the use

of indicator plants was generally not suitable as an assay
.,'
method for measuring pathogen.
According to Bouhot (1979),
.
I.
the only valid measure of inoculum potential of soil-borne
fungi using this bioassay was the number of successful
infections that were obtained under optimum environmental
conditions on a standard susceptible host.

He concluded

the following requirements should be fulfilled when measuring
the inoculum potential of a soil:
a) the test plants should be susceptible to the parasite,
b) the test plants should be at their most sensitive period
of growth,
c) naturally infegted,soil samples should be applied to the
most sensitive part of the test plants to obtain a
rapid response to the inoculum,
d) environmental conditions should be standardised so that
inoculum potential induced to maximum disease,
e) quantitative studies should be made using a dilution-end
point technique,
f)

optimum conditions for the highest selectivity and
sensitivity of the technique employed should be
determined.

2.

Direct examination methods - Many pathogens produce
macroscopic sclerotia, sporophores or rhizomorphs

that can be easily separated from soil and seen either with
the naked eye or with a stereomicroscope.

Using appropriate
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sampling and screening methods, a quantitative determination
of the inoculum can be obtained.
reported that

~ne

However, Menzies (1963)

of the problems encountered was that

large fruiting bodies or rhizomorphs often only constitute
part of the thallus of most pathogens.

According to Boyle

(1961) and Garren (1961), a direct quantitative relationship
between observed structures and the total mass of the pathogen was unlikely to be obtained.

Warcup (1959) reported that a pathogenic fungus that
produced spores or mycelium, sufficiently characteristic for
positive microscopic identification, it was possible to
count these structures in preparations from soil samples.
Unfortunately, he found that sufficiently distinctive
morphology was rare and the number of pathogens able to be
identified in this way were so few that the method was not
used very often.

Bouhot (1979) commented that this technique

detected inoculum but did not allow the separation of the
pathogenic strains from saprophytic ones.

Thus the measure

of the inoculum density needed to be confirmed by inoculation
of susceptible hosts with each colony counted.

Such tech-

niques are time-consuming and coulq not be used routinely.
3.

'Most probable number' technique - Gilligan (1983)
concluded that difficulties with 'most probable number'

(MPN) techniques were mainly related to statistical analysis,
"one of estimating a population parameter, the mean J.1, from a
dilution series."

According to Finney (1964), the technique

was based on the theory of the maximum likelihood, estimated
iteratively as that value of the mean density that gave the
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highest probability to the observed results.

Data was

required only on the proportion of replicates giving a
negative response at each dilution.

As pointed out by

Gilligan (1983), estimation of the mean inoculum density
by a quanta1 response obscured the natural variation in
the host-pathogen system because no allowance was made for
variation in disease expression due to the interaction
between inoculum potential of propagu1es (Garett
and disease potential of the host (Baker

1960)

1978).

As a

result, the mean inoculum density was therefore a crude
biological statistic that masked a large amount of variation.

According to Cochran (1950), there were two fundamental assumptions based on an ingenious application of the
theory of probability in the MPN procedure.

The first was

that organisms were distributed randomly throughout the test
medium so that the numbers of propagu1es in a1iquots followed
a Poisson distribution.

The second assumption was that

every propagu1e was capable of evoking a quanta1 response,
e.g. growth or infection.

A bias result, i.e. deviation of

the mean of the sampling distribution from
obtained if any of the inoculum

re~ained

~,

would be

clumped. after mix-

ing (Taylor et aL 1981} or if infection counts of an assay plant
did not explore the entire volume (Pfender et al., 1981).
Cochran (1950) suggested that by adjusting the range of
dilutions in an assay, the dilution ratio and the numbers
of samples per dilution, precision of the MPN procedure, i.e.
closeness of the estimate to

~,

could be maximised.
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Numerous refinements to the r.1PN procedure have been suggested
of which a most promising example is the inclusion of a
randomisation test, after De Man (1975), by Pfender et al'

3

(1981) •

Conclusion on methods
Gilligan (1983) reported the use of MPN procedures
in combination with plate counts or bioassays involving a
host was to be preferred to direct observation and counting
of propagules of inoculum which was seldom practical or
appropriate.

However, direct examination procedures often

measured the total amount of propagules which were important
in the survival of the pathogen, as there was rarely
information on virulency.

Thus the use of host indexing

methods was of limited value because of lack of information
on the number of propagules reauired for infection (Weinhold
1977) ..

However, for some purposes, e.g. quantitative stud-

ies of soil-borne pathogens, one approach may be more valuable
than another.

Therefore, it is tempting to utilise existing

methods not only to elucidate the mechanisms involved but
also as it was to be worthwhile to compare the potentialities
and limits of techniques of soil-borne pathogen population
studies to judge their value when forecasting the severity of
the disease.
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2.3

MATERIALS AND METHOD

2.3.1

Collection of Soil Samples
From the results of a survey for Aphanomyces

euteiches in Canterbury

bY~Plant

Health Diagnostic Station,

Ministry of Agriculture and Fisheries, Lincoln in 1979-80,
18 fields were selected and soil samples were obtained from
each.

Information on the characteristics of the soils is

provided in Table 2.1.

Soil from each field was collected

by taking samples at a minimum of 20 pace intervals along
a zig-zag course diagonally across the field.

One trowel-

ful of soil (approximately one kg of soil) was taken to a
depth of 15 cm at every stop and placed in a plastic bag.
Later these samples were thoroughly mixed and all lumps were
broken so that the soil would pass through a screen with

1. 70 mm mesh.

After sieving, the samples were stored at

+/- 50 until required.

2.3.2 . Determination of Disease Severity Index (DST)
The method, developed by Reiling et ale
and Sherwood and Hagedorn l1958) was used.

(1957)

Three plastic

pots (15 em diameter x 20 cm deep) were filled to within 2 cm
of the top with soil from each sample from the field.
Eleven captan-treated seeds of the pea eultivar "Canterbury
39 11 were placed on the soil surface and covered with an
additional 2 cm of the soil.

The pots were labelled and

randomised on a glasshouse bench.
1.

Two controls were used:

a soil known to be highly infested, and

Table 2.1:

Soil typ~, topogranhy, natural drainage class and pH of soil samples from Mid-Canterbury
(all information derived from Nz... Soill3urEtOu Sull. \qQ3)
TOpjgraphy

Soil type
Barrhill fine san¢l.y loam

Flat to undulating

Highbank silt loam

"

Lyndhurst silt loam

"

"
"

Natural drainage
class
Well-drained

JP.H

Soil
symbol

No. of
samples

5.1

B

7

5.3

H

2

Somewhat excessively
drained

4.7

L

4

Well-drained

4.9

M

2

5.4

T

1

"

"

Mayfi eld stony sandy loam

Flat to gently undulating

Templeton silt loam

Flat to undulating

Templeton shallow silt
loam

Flat

Somewhat excessively
drained

5.3

TS

1

Waterton silt loam

Flat, low lying land

Poorly drained

5.7

W

1

"

"
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2.

a soil known to be free from Aphanomyces euteiches.

All treatments were replicated three times.
temperature was kept between 24-28

o

The glasshouse

throughout the test.

The soil was kept at a 65% of waterholding capacity, based
on gravimetric measurement (g of water per g of soil oven-dried
for 72 h at 105

0

)

durinq seed germination and emergence.

Nine to 11 days after planting, when two leaves were fully
expanded, the waterholding capacity of the soil was raised
to 80% for 12 to 15 days.

Subsequently, it was maintained

at 65% waterholding capacity until final assessment.

The pea plants in all test pots were assessed
for aphanomyces root rot when all the plants in the heavily
infested check soil had died, usually at 28 to 33 days after
planting.
1S

The appearance of the check plants at this stage

illustrated in Figure 2.1.

The plants and soil were

removed from the pots and the roots were carefully
separated and freed from soil by washing under running water.
According to the symptoms present, each root was assigned to
one of the following arbitrary disease classes (after Sherwood
andHagedorn

o-

1958) as shown in Figure 2.2:

no disease, root free of sympt9ms,

1 - about 5 water soaked, light brown areas on the roots,
2 - water soaked, light brown areas confluent and more
extensive, but not involving the entire root system,
tissue firm,
3 - water soaking and browning involved all root and epicotyl
(stem above seed), tissue soft but not collapsed,
epicotyl not markedly shrivelled,

Figure 2.1:

Check plants in Aphanomyces euteiches-free soils
(@ot A) and infested soils (Pot B) at time of
assessment for glasshouse common root rot disease
index.

Figure 2.2:

Pea plants from the disease severity index
method for root rot potential showing from left
to right, appearance of roots in disease classes
0, 1, 2, 3 and 4 respectively.
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4 - water soaking, browning and decay involving total root
system;

cortex easily sloughed off and epitocyl

shrivelled or rotted;

dead plants included.

The disease severity index (DSI) was calculated
for each pot using the formula:
DSI

=

Sum of (disease class x No. of plants in that classl x 100
Total number of plants x 4

According to the authors, three categories of fields can be
distinguished on the basis of the DSIi
0-50 can be safely planted with peas;

fields with DSI of
51-69 of questionable

safety and 70-100, definitely dangerous and should not be
planted with peas.

2.3.3

Estimation of Inoculum Density by a WetSieving Flotation Method
A microscopic method for detection of oospores

in plant debris, developed by Boosalis and Scharen (1959),
was modified to increase the efficacy of the procedure.
Three replicate soil samples, each of 100 g were assessed
from each field.

Each replicate was placed in 500 ml of

water and homogenised in a Waring Blender at a low speed for
3 min.

This step was added into the original method and

served to disperse aggregates of soil particles and
comminute the larger particles of plant debris, so that the
infected fragments of plant debris were more evenly distributed in the suspension.

The resulting soil suspension was

transferred to a 2-litre glass measuring cylinder and made
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up to 2 Z with tap water.

The suspension was allowed to

stand for one min and then the supernatant liquid was slowly
decanted on to a stainless steel screen of 75
(Gallenhamp Test Sieve BS4l0) •

~m

mesh

Soil and organic debris

that had settled was resuspended in 2 Z of tap water and
allowed to settle again for one min and the supernatant was
also passed through the screen.

This procedure was

repeated 5 - 8 times until the supernatant liquid was free
from plant debris.

Most of the soil deposited on the

screen was removed by holding the screen under running tap
water and sharply tapping the frame of the screen against
the sink.

The debris retained was washed to the edge of

the screen and transferred to a 100 ml measuring cylinder
through a funnel.

It was resuspended in about 50-70 ml

of tap water, and this suspension used in the membrane filter
method.

If the sample was not examined immediately, it was

stored at 4

0

•

For microscopic examination, the original procedure of Boosalis and Scharen (1959) of examining 7 aliquots
of each of

5 rnl on water agar was replaced by the membrane

filter method developed by Adams

(~967).

This method

reduced the time required to examine each sample.
method, a 25 mm Type GA-l (5

~m

In this

filter) membrane filter

(Gelman, Part No. 60002 Metricel) was mounted in a filter
holder.

Two ml of the suspension was passed through the

filter by vacuum filtration.

The membrane filter was gently

removed and placed on a microscopic slide and covered with
lactophenol cotton blue.

The slide was steamed for 3 min
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o

over a waterbath at 70 .

The stained filter was placed

back on the filter holder and washed with fresh lactophenol
by vacuum filtration and then with glycerin.

The membranes

were mounted on glycerin on a microscopic slide for oospore
counts.

Five slides were prepared from each replicate of

the three soil samples.

Each slide was examined at 100x magnification
with a compound microscope to determine the gross morphology
of the oospores embedded in plant debris fragments.

The

whole area of the membrane filter was examined as the oospores
The numbers of oospores on each of the five

were counted.

slides from one replicate were added together and the total
number of oospores per 100 g of soil was calculated using the
following formula:
No. of oospores'per 100 gof soil
where x

=

= TIT.

x y

total number of oospores counted on 5 slides
per replicate

y

=

volume of final suspension in mI.

To assess the validity of this method of determining inoculum density, a known number of oospores from a culture
of Aphanomyces euteiches Isolate 919 (obtained from Department
of Scientific and Industrial Research, Auckland) were added to
non-infested soil at 11 inoculum levels ranging from 0 to 700
oospores per 100 g of soil.

The soil used was Templeton silt

loam collected from Lincoln College Mixed Cropping Farm and
sieved through a 1.70 mm mesh.

The number of oospores in

each of the 11 inoculum levels was determined by the methods
previously described.

37

The oospores were produced in cultures grown
in oatmeal broth, using a method developed by Schneider and
Yoder (1973) and Schneider (1978).

oatmeal broth was

prepared by comminuting 5 gm of rolled oats in 500 ml
distilled water in a Waring Blender for 5 min.

The

mixture was strained through a muslin cloth and sufficient
water was added to the total volume one litre.
was heated to 50

o

fora~in,adjusted

The broth

to pH 6.6 with N/20 HCl

and autoclaved in wide mouthed Erlenmeyer flasks
containing 100 ml per flask for 15 mins.

(250 mIl

When cold, the

broth in each flask was inoculated with an agar plug from a
culture of Aphanomyces euteiches Isolate 919 and incubated
at 25 0 for approximately three weeks.

To obtain a mycelium-

free suspension of oospores, the method developed by Jim~nez
and Lockwood (1981) was used.

The mycelium in oatmeal broth

culture was killed by freezing at -100 for 12 to 15 h.
Thawed mycelial mats were rinsed thrice with sterile distilled
water and ground for 10 mins at 6000 rpm in a Sorvall Omnimixer (172000 Ivan Sorvall Inc., Newtown, Connecticut 06470,
USA) with the container surrounded by an ice waterbath.
homogenate was diluted and sieved through a screen (.74
mesh).

The
'~m

The filtrate containing the oospores was layered over

1 M sucrose and centrifuged for one min at 1500 g in a centrifuge (Wifug XI Sweden Model) and this was repeated four
times to obtain oospores free from hyphae.

These oospores

were suspended in distilled water and the concentration in
the resulting suspension was determined with a Bright Line
Metallized Counting Chamber (Clay Adams, Bacton, Dickenson
and Company, Parsippany, NJ 07054).

The ,suspension was

diluted with distilled water to obtain the desired
oospore
,
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density, added to the soil and mixed thoroughly in a Griffin
Flask Shaker (Griffin and George Ltd, Britain).

The soil

samples, inoculated with oospores also were assayed.for
DSI as described in Section 2.3.2.

The DSI results obtained

from the assay at vilrying inoculum levels were compared to
results obtained from the soil samples from the field.

2.3. 4

'Most Probable

Numbe~r"

Method of Assessing

Inoculum Pot'enti'al
The 'Most Probable Number'

(MPN) method used to

estimate infective inoculum density in field soil samples
was based on the procedure described by pfender et al.
(1981) .

However, a la-fold dilution series was used and there

was no computer programme.

In a preliminary trial, three

diluent media, non-infested soil, non-infested soil steamed
soil (Barrhill silt loam and Templeton silt loam) and,:·:·
sterilised vermiculite were tested.
stearn-treated at 80

0

<-.~

Non-infested soil was

for 30 min in an autoclave.

To ensure

the desired temperature was achieved, the centre of the soil
bulk was constantly checked with a thermometer.
was autoclaved for 30 min.

Vermiculite

Since sterilised vermiculite,

when mixed with inoculum, gave the'highest infectivity, it was
selected for subsequent use.

Soil dilutions were prepared by mixing a
weighted quantity of infested soil with sterilised vermiculite,
made up to 150 ml which was the volume of 100 g of soil.

The

range of dilutions was undiluted soil (100 g), 10 g of soil +
vermiculite, and 1 g of soil + vermiculite.

Each dilution
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was thoroughly mixed by vigorously shaking the mixture with
the Griffin Flask Shaker.

The apparatus consisted of Plix Rootrainers
(Tinus - 352 ml volume book style;
ries Ltd, Edmonton, Canada;
Zealand) .

Spencer-Lemaire Indust-

and Winstone Merchants Ltd, New

In this equipment, 100 books, each consisted of

4 cavities measuring 39 cm wide x 51 cm deep x 184 cm high
(Figure 2.3).

Cotton wool was placed at the bottom of the

cavities to prevent vermiculite from sifting through.
each cavity, the

infe~ted

In

soil or soil/vermiculite was

placed between two layers of sterilised vermiculite with a
thin layer of sand (5 mm) being placed below the inoculum
layer to prevent soil or the mixture from being washed
through the vermiculite.

Two

captan-treated seeds of pea

cultivar "Canterbury 39" were sown in each cavity in the
middle of the top layer of vermiculite.

Each tray of

books of cavities was placed partly immersed in water in a
plastic container (50 cm x 35 cm x 15 cm), and the water
level was kept constant and checked daily.

The soil moist-

ure in each inoculum layer was held constant at approximately
-15 millibars because the lower s1J.rface of each inoculum
layer was always 15 mm above the water.

The trays were

kept in a temperature light humidity controlled cabinet,
maintained at 24°;

+ 1° with a relative humidity of 90% and a

12 h light was used to obtain equal day and night length.

After 14 days( plants were removed from the
containers and washed free ,from soil and vermiculite.
Those plants which showed the characteristic water-soaked
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kIT-----pea plant

,~~-----

15 rnrn abov
water lev

_r

L

vermiculite

infested soilvermiculite
inoculum layer
1:f:l\:I:J:t#l~~ ~~A\\=:~ 1f%I:~~r=I W=~~~'it--tt- sand
~------

-Tt--++-vermiculite
Plix
roo trainers
plastic tray
water
-1-1-------+-1-

Figure 2.3:

cot tonwoo 1

Cross-section view of 'the apparatus used in
'Most Probable Number' Bioassay of inoculum
potential of Aphanomyces euteiches (Figure
at ~ scale: 1 em to 2 em).
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honey-yellow colour lesions (an easily distinguished
symptom) were scored as positive or negative for infection.
The plants showing disease symptoms at each dilution level
were used to calculate the MPN estimates of infective

Aphanomyces euteiches inoculum density in the undiluted
soil based on Table 2.2.

2.4

RESULTS

2.4.1

Testing of Soil Samples
Table 2.3 shows the DSI of soil samples obtained

in Canterbury from 18 fields, each described in Table 2.1.

The values for the DSI ranged from 7 to 100 and
appeared to be related to the cropping history of each field.
since the longer the time since a field was sown with peas
the lower the DSI, as shown in Figure 2.4.

Fields with a

break of 4 years or more had DSI values of <50 except three
fields (Ll (6 yrs), L2 (4 yrs) and W (4 yrs), with DSI values
of 73.5, 75.3 and 65.3 respectively.

Soil types indicated

in Table 2.1 did not appear to affect DSI though there are
only a few results of each.

When results of the inoculum density experiment
(cross ref. to 2.3.3) expressed as number of oospores per
100 g of soil, were correlated with DSI of the same soil
samples, they showed a curvilinear relationship (Figure 2.5).

Table 2.2:

MPN index and 95% confidence limits for various combinations of positive and negative results of
infection when five 100 9 portions, five 10 9 portions and five 1 9 portions of Aphanomyces euteiches
infested soil are used.

95% confidence limits

No. of plants showing
positive reaction out of
MPN
---------------------------------index
5 of 1
5 of
5 of
per
100 ml
100 9 each 10 9 each
9 each

o
o

o

o

o

1

o

1
2

o
1
1
1
1
1

2
2
2
2
2
2
3

3
3
3
3
3
3
4
4
4
4
4
4

o

o
o
o

o

1

1
1
2

o
1

o

o
o

o

1

< 0.5
< 0.5
< 0.5

7

4

4

o

11

o

o

7
11
11
15
15

5
5
5
5
5
5

o

1
2

.<;

0.5

< 0.5

<
<

< 0.5
0.5
0.5

<

0.5

2

o

4

1

49
70

2

94

8

11
11
14
14
17
17

1
2
2
4
4
5
5

19
25
25
34
34
46
46

5
5
5
5
5
5

31
46
46
63
78
67

5
5
5
5
5

1

o

1
2
2

1

o

3

o

o

o

13

o

1

17

1

2

1

o

17

3
5
5

1

1
2

21
26
22

7
9
7

o

o

5
5
5
5
5
5

1

o

9
9

1
1
2

1
.1

1

26
27
33
34
23
31
43
33
46
63

1

3

1

5
7
7

o

1

o

1
2.

12

1

1
2

2
3
3

o
o

o

o
o

7

4
4

4

< 2
2
2
4

2
4
4
6
6

Upper

13
17
17
21
21
28

1
2
3

tower

No. of plants showing
95% conpositive reaction out of
MPN
fidence limits
--------------------------------- index ---------------5 of 1
per
5 of
5 of
lower
Upper
100 ml
100 9 each 10 9 each 9 each

5

9

78

9

80

11
12

93
93

7
1:j..

70
89
110

15
11
16

21.

150

17

130
170

1
2

79
Lt O
140
,.

23
28
25
31
37

3

3

180

44

4

o

130

4
4
4
4

1
2
3
4

170
220
280
350

35
43

5
5
5
5
5
5

o

240

f)\~

1
2
3

350
540

120
180
300
640

2
3
3
3

o

4

5

920
1,600
>2,400

93
1~0

57
90
I;:! 0

220
190
250
340

500
300
490
700
850
1,000
750
1,000

i·,400
3,200
5,800

Table 2.3:

Disease severity index, determined in May 1981, of soil samples froml18 fields in Canterbury
(previous 4 crops grown in each field before sampling and number of years since last pea crop
are indicated) .
.Previous four crops

Soil
sample
Bl
B2
B3
B4
B5
B6
B7
HI
H2
Ll
L2
L3
L4
Ml
M2
T
T5
W

1977
Wheat
Ryegrass/white
clover

"

"

"

Ryegrass

"

White clover
Ryegrass/white
clover
White clover
Wheat

"

1978
Pea
Ryegrass
White clover

"

"

Ryegrass
Wheat
Ryegrass/white
clover
Peas

"

White clover
Peas
Ryegrass
Wheat
Peas

"
Ryegrass

"
Peas

Wheat
Ryegrass

"
"

1980

White clover
Pea/white clover

Wheat

Wheat
Ryegrass/white
. clover
Wheat
Ryegrass/white
clover
Wheat
White clover

"

Wheat
Ryegrass
White clover
Barley
White clover

"
"

1979

"
"
Peas
White olover

Disease
severity
index

3
2

100.0
81.5

Ryegrass/White Clover
Wheat

6
6

50.4
40.8

Barley
White clover

5
6

47.7
44.2

Barley

6

7.1

Wheat

3
3
6
4
5
6
4
4

61.5
63.3
73.6
75.3
49.8
32.0
18.2
17.3
100.0
90.0
65.3

"

"

Wheat
White clover
Wheat
Barley
Wheat

No. of yrs
since last
pea· crop

"
Barley
Wheat

"
"
Ryegrass

"

Peas
Wheat
..

~~

l

2
4
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1. Dangerous to grow peas
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3. Can be safely grown with
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W

~
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0
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-
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3

3

n

655666446

Number of years since last pea crop was
grown in field
Figure 2.4:

Relation between disease severity index and
the cropping history of the 18 fields (*soil
symbols as described .in Table· 2.:3) infested
with Aphanomyces euteiches.
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Figure 2.5:

Correlation between Disease Severity Index
of aphanomyc:es root rot of pea and i) number
of oospores rer 100 g -infested field soil
(.) and ii) number of cultured oospores
added to non-infested soil (0).
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At low densities, the increase in DSI was high with increasing number of oospores.

However, at densities above 100

oospores per 100 g of soil, the increase in DSI was relatively low and a very high population of about 700 oospores
per 100 g of soil was required to reach the maximum DSI.

A similar relationship between DSI and number
of cultured oospores added to 100 g of non-infested soil
was also obtained (Figure 2.51.

In general, a higher DSI

value was obtained at each inoculum level compared with
those found in soil samples from the field.

Linear regressions of DSI and inoculum density
of both experiments by logarithm probability transformations
are set out in Figure 2.6.
(r l

=

0.97 and r 2

=

The regression coefficients

0.99 at P < 0.01) were highly significant,

indicating that the DSI predicted with accuracy, the inoculum
density in the field and thus the amount of aphanomyces root
rot which could develop.

2.4.2

MPN Tests
The effect of the three media used to dilute

Aphanomyces euteiches infested soil on MPN estimates of
inoculum density is shown in Table 2.4.

The diluents, though causing differences in MPN
estimates of infective oospores of Aphanomyces euteiches did
not prevent the pathogen from infecting the host plants.
Soil diluted with sterilised vermiculite had the highest
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- r = 0.97***
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Figure 2.6:

Linear regression of Disease Severity Index
of aphanomyces root rot of peas and i) number
of oospores per 100 g infested field soil
( _) and ii) number of' cultured oospores add ed
to non-infested soil (0) by logarithm probability
transformation.

Table 2.4:

Effect of three diluents used to dilute,aphartomycee;;"'infested
field soil for estimating 'Most Probable Nurnoer' (MPN) of infective
oospores of Aphanomyees euteiehes.

Soil type
(infested soil with
DSI of 100)

. Barrhill silt loam
(inoculum density
of 783 oospores
per 100 g of soil)

Soil diluents

*Steamed at 80

0

95% confidence
limits
Lower

Upper

Infectivity
.(%)

Non-infested soil

26

9

78

3.3

Non-infested steamed
soil*

79

25

19'0

10.1

350

120

100ci· .

44.7

33

ll.l

93

4.4

Non-infested steamed
soil*

220

57

700

29.3

Sterilised vermiculite

350

120.

1000

46.6

Sterilised vermiculite
Templeton sil:t
loam (inoculum
density of 751
oospores per
100 g of soil)

MPN
(infective no.
of oospores per
100 g of. soLl)

Non-infested soil

for 30 min.
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infectivity value in detecting the presence of inoculum.
On the basis of these results, it was decided to use the
vermiculite diluent for estimating MPN of infective oospores
of soil samples.

MPN estimates of infective inoculum density in
field soils are shown in Table 2.5.

In general, the pro-

portion of infection of host pea plants caused by Aphanomyces

euteiches decreased with increasing dilution rates of a
given soil, as expected.

MPN estimates increased with

increasing DSI as shown in Table 2.2, although the test did
not measure the total inoculum density of the pathogen as
indicated by the low estimates of infective oospores and per
cent infectivity.

There was no significant discrimination

in per cent infectivity among DSI

below 50 and MPN estimates

were not obtained below DSI of 10.

2.5

DISCUSSION
It was concluded that the wet-sieving flotation direct

microscopic counting of oospores was the best method for
,estimating inoculum density of Aphanomyces euteiches and
this would be the most satisfactory and reliable method to
use in experiments on the populations of the pathogen.

The

validity of this method for estimating inoculum density was
shown by the similarity of the curvilinear relationships
between DSI of Aphanomyces root rot and the number of
oospores per 100 g infes ted field s,oil and the number of
cultured oospores added to non-infested soil (Figure 2.5).

Table 2.5:

Soil
sample

Bl
B2
B3
B4
BS
B6
B7
H1
H2
L1
L2
L3
L4
M1
M2
T
T5
W

*

'Most Probable Number' (MPN) estimates and % infectivity (MPN estimated
inoculum density divided by number of oospores in soil samples
obtained by wet-sieving flotation method) of Aphanomyces euteiches
inoculum in soil samples obtained from 18 fields in Canterbury, collected
in May 1981.
DSI from*
bioassay
(Table 2.3)

MPN
(infective no. of
oospores per
100 g of soil

100.0
81.S
50.4
40.8
47.7
44.4
7.1
61.5
63.3
73.5
7S.3
49.8
32.0
18.2
17.3
100.0
90.0
65.3

350.0
49.0
1.7
0.8
1.3
1.1
<0.2
3.3
3.4
13.0
11.0
1.7
0.5
0.5
0.5
350.0
170.0
3.3

95% confidence
limits

Infectivity
%

Lower

Upper

120.0
17.0
0.5
1.0
0.3
0.2

1000.0
130.0
4.6
1.9
3.1
2.5

44.6
22.S
2.2
2.2
2.6
2.S

1.1
1.2
3.0
3.1
0.5
<0.05
<0.05
<O.OS
120.0
43.0
1.1

9.3
9.3
31.0
25.0
4.6
1.3
1.3
1.3
1000.0
490.0
9.3

4.1
4.3
5.9
5.9
2.4
1.6
2.7
2.4
46.6
29.3
4.2

Data from Table 2.3 obtained by plant tests.
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This result is conclusive evidence to confirm the suggestion
by Boosalis and Scharen (1959) who predicted that the
disease potential of aphanornyces root rot in the field
could be possible using this method.

The value of the

method lies in its capability and reliability in the
discrimination between the soils from different fields.

Mitchell et

~al.

; (1968) and pfender et aL

(1981)

claimed that the original method of counting oospores
(Boosalis and Scharen, 1959) was tedious and time-consuming.
However, these problems were overcome by modifying the
original method.

First, the soil suspension was homogenised

in a Waring Blender which improved the distribution of
infected fragments of plant debris and improved the randomness of sampling.

Secondly, the membrane filter method

(Adams, 1967) which replaced the counting of oospores in
petri dishes greatly sped up the procedure.

Mitchell et aZ.

(1969) and Pfender et aL

(1981)

stressed that although this method measured a precise level
of Aphanomyces euteiches

inoculum density, it could not be

used to assess the viability of oC?spores.

Any assessment

of ino.culum potential, however, requires a knowledge of the
virulence of the pathogen.

No attempts were made to test

the viability of individual opspores.

However, Scharen

(1960) showed that 40% of oospores embedded in plant tissue
germinated and produced zoospores that could infect pea
roots.

Although viability is certainly essential, viability

alone cannot define a population of infective oospores of the
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pathogen (Mitchell et at.
oospores (Garett
(Baker

1969).

Inoculum potential of

1960) and disease potential of the host

1978) are not expressed by inoculum density.

Therefore, inoculum-host interactions assessed by the DSI
method, together with results from the wet-sieving flotation
method, would provide a suitable technique for quantifying
the inoculum density in soil and the likely level of
disease in a pea crop planted in that soil (Figure 2.5).
This is supported strongly by the highly significant correlations between DSI of Aphanomyces root rot of peas and number
of oospores per 100 g infes.ted field soil and number of
cultured oospores added to non-infested soil by logarithm
probability transformation (Figure 2.6).

Boosalis and

Scharen (1959), using their bioassay, also showed that the
number of plant debris fragments infected with oospores
had a highly positive correlation with the severity of
aphanomyces root rot of peas in soil from which the plant
residue was obtained.

The results of MPN estimates of infective oospores,
as set out in Table 2.4, showed that this technique could
not accurately assess the changes

~n

a population of

Aphanomyces euteiches when subjected to experimental soil
treatments especially with soils with low DSI values, i.e.
values of <50.

Furthermore, MPN is a statistical estimate

of organisms in a given amount of sample (Geldreich et at.
1967) and cannot be regarded as an actual number.

Thus,

the approximate 95% confidence limits lie between 31%:1::0
289% (from data in Table 2.6, approximately 1/3 to 3 times
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the MPN).

pfender et aZ.

(1981) reported that low MPN estimates

of infective inoculum density could be due to dormancy or
non-viability of oospores.

However, Jones and Drechsler

(1925) showed in their experiments that oospores had no
dormancy and germinated immediately.

The cause of the

low estimates may be due to mutual interference of oospores
at high inoculum concentrations (Garett

1956).

This

explanation was based on the concept that the Aphanomyces

euteiches-plant interaction was a motile inoculum invaded
by a moving infection count, i.e. root tips (Baker et aZ.
1967) would be required when efficiency of penetration and
infection by abundant zoospores (about 300-400), the primary
units which can develop from a single oospore (Jones and
Drechsler

1925).
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CHAPTER 3

WATER POTENTIAL, MOISTURE CONTENT
AND TEMPERATURE OF SOIL AS FACTORS IN THE
DEVELOPMENT OF APHANOMYCESROOT ROT OF PEAS

3.1

INTRODUCTION
The influence-of soil moisture and temperature on the

development of root rot diseases has been emphasised by many
workers.

Jones and Drechsler (1925) reported that among

the root rot diseases of plants, few showed "a greater
degree of erratic irregularity" than aphanomyces root rot.
They observed that in fields known to be very severely
infested, the disease was usually worse in areas where the
soil remained wet, but at other times, there was no clear
relation between disease occurrence and any obvious soil differences.

In their review article, Papavizas and Ayers (1974)

concluded that the severity of aphanomyces root rot depended
on high soil moisture for infection and rapid development.
The pathogen preferred soil temperatures from 22

0

to 28 0

•

The effects of soil moisture and temperature on the relationships between inoculum levels of Aphanomyces euteiches and
disease severity have never been fully investigated.

In ecological studies on Aphanomyces euteiches, soil
moisture has been described solely in terms of moisture content.

However, Griffin (1963) stated that, although water

was a major environmental variable of soil affecting fungal
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growth, there have been only a few clear studies on the way
in which water affects the growth of fungi in soil.

The

-concept that soil water potential influenced microbial activity in soil has been well established and micro-organisms
are well-known to differ in their ability to remove water
from soil (Cook et aZ.

1972) and that their response to water

potential may vary with temperature (Griffin

1970).

This chapter describes and presents the results of
experiments to clarify the influences of water potential,
moisture and temperature and the effects of these soil
factors on the quantitative relationships between inoculum
levels and the development of aphanomyces root rot.

The

literature on the concept and terminology of water potential
and its influence in micro-organisms is reviewed.

The following experiments were designed to investigate
several aspects:
1.

Laboratory studies in vitro on the effect of water
potential and temperature on the pathogen.

2.

Glasshouse studies on the effect of soil moisture and
temperature on infection.

3.

Glasshouse studies on the effect of soil moisture on
the development of aphanomyces root rot, plant growth
and yield of peas.
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3.2

REVIEW OF LITERATURE
Research on plant-soil-water relationships has been

complicated by the use of many terms such as suction force,
waterholding capacity and diffusion pressure deficit (Cook
and

Papendi~k

1972) .

Water, like heat, when described in

terms of its potential energy, is defined as the capacity to
do work, relative to the work capacity of pure, free water,
measured in bars or atmospheres (Anon.

1965).

In the

reviews of Griffin (1961,1963), and Cook and Papendick (1971,
1972), the terms used to describe soil water potential and
their significance in plant pathology and soil microbiology
are discussed.

A glossary of all terms used is in Appendix

1.

According to Aslyng (1963), total water potential may
be divided into a) osmotic potential due to solutes (always
negative);

b) gravitational potential caused by changes in

elevation (positive or negative);

c) matric or capillary potent-

ial which included both adsorption and capillary effects of the
solid phase (always negative), and d) pressure potential which
~esulted

from external pressure applied to the soil water

(positive or negative) .

Cook (1972) classified the effect of water potentials on
soil-borne fungal pathogens into three categories as follows:
i)

restrictive effects on pathogen growth;

ii)

effects on pathogen-antagonist interactions;

iii)

effects on host-pathogen interactions.

57

Griffin (1963) reported that an organism must use
energy to overcome the osmotic and matriG components of water
potential which tended to oppose uptake of water from soil.
Every micro-organism has optimal and minimal water potentials
for growth and these can be altered by temperature (Scott
1957;

Griffin

1963;

Bruehl and Cunfer

1971).

Some

respond differently to osmotic and matric water potentials
(Adebayo and' Harris

1971;

Cook and Papendick

1972).

It

is well known that most root diseases occur in wet soil as
the water potential is too low for growth of the pathogen
in drier soils.

Phytophthora

Examples of this generalisation include

cinnamoni Rands (Sommer et aZ.

OphioboZus graminis Sace (Cook et aZ.

1970),

1972), both of these

fungi grow optimally at -5 bars or wetter, and the growth rate
is reduced by half or more at -20 to -25 bars with minimal
growth at water potentials below -50 to -60 bars.

The root,

foot, stem and seedling diseases caused by FUsarium soZani
(Mart) Apel and Wr. emend. Snyd and Hans are among the few
pathogen problems associated with dry soils.

For this

species, soil water potential appeared to be optimal at -10
to -30 bars, with growth being reduced by half at -40 to -60
bars and prevented only if water was. below -100 bars.

These

observations indicate important differences in the physiology
of these fungi (Cook et aZ .. 1972).

Effects on Pathogen-Antagonist Interactions
Changes in water potential may give the pathogen a
greater or lesser competitive advantage, relative to other
organisms.

Baker and Cook (1973) referred to this effect as
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the 'Relative competitive Advantage' of the organisms.

A

water potential unfavourable to the antagonists but more
unfavourable to the pathogen would enhance biological control while if it were the opposite, a disease outbreak
caused by the pathogen would occur.

Cook and papendick

(1970) reported that the luxuriant growth of Fusarium
roseum f.

sp. cereaZis 'Culmorum' in dry soil was an

excellent example escape from antagonism by virtue of the
ability of this fungus to grow at very low water potential.
They suggested that lack of continued growth under wetter
conditions (below -8 to -10 bars) was due to the effects of
soil bacteria which were inactive in the drier conditions
because the bacteria were able to compete more successfully
for nutrients than the fungus.

Effects on Host-Pathogen Interactions
There has been few experiments on the influence of
plant water potential on host-pathogen interactions.
According to Slayter (1967), results based on the water
potential concept have shown that water uptake by roots,
movement in the vascular system and transpiration (the flow
of water vapour from a high energy status within the leaf
to a lower energy status in the atmosphere) occurred in
response to a water potential gradient.

The internal water

deficit was determined by the soil water potential which
set the base level of the plant water potential and by the
extent to which the flow of water within the plant lagged
behind evaporative demand.

The relationship of plant

water potential to disease development was affected by the
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transpiratory capacity of the plant (Cook and Papendick
1972) .

Cook (1972) suggested that fungi that caused

cortical decay were exposed primarily to osmotic potential
of the necrotic host tissue but that vascular pathogens were
exposed

primar~ly

fluid.

to matric potential of the vascular

Thus, with pathogen-antagonist interactions, if

the particular water potential was adverse to the host, but
did not impose comparable constraints on the pathogens, then
disease could be severe, but if the restriction on the
pathogen physiology was relatively more than that on the
host, then disease might be absent or mild.

An additional effect discussed by Cook and Papendick
(1972) was the limitation on movement of the pathogen by
the size of soil pores affected by matric potential.

They

suggested that maximum movement of a micro-organism dependent
on the matric potential that allowed the greatest frequency
of water-filled pores, large enough to accommodate the
organism.
type.

They suggested this factor would vary with soil

Wallace (1958) showed that the movement of larvae of

Heterodera schachtii was optimal at matric potential of -25

to-40 millibars where the pore diameters were 40-60 pm.
Stolzy et al.

(1965) suggested that zoospores of Phytophthora

spp. required water-filled pores at least 40-60 pm in
diameter before they could move freely.

Little is known concerning the response of Aphanomyces
euteiches to water potential and temperature interactions.

The literature reviewed by Papavizas and Ayers (1974) clearly
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showed the importance of soil moisture and temperature on
the development of aphanomyces root rot of peas.

3.3

EXPERIMENTAL

3.3.1

Laboratory Studies in ·vitro on the Effect
of Water Potential and Temperature on the
Pathogen
Introduction - The use of substrates osmotically

maintained at various water potentials to study the relations
of these factors to fungi was developed by Sommers et ale
(1970) .

Cook et at.

(1972) and Wilson and Griffin (1979)

found the method appropriate for their studies on effect of
water potential on two root-rot fungi of cereals and some
Thus the effect of five osmotic water

soil basidiomycetes.

potentials on Aphanomyaes euteiahes growth at four temperatures was investigated using a similar method.

Materials and Methods - Two media, Potato
Dextrose Agar (Difco),

(PDA), and a synthetic agar medium

referred to as Basal Medium (BM) were used as substrates
(both described irt Appendix

2).

The osmotic water potential

was controlled by the addition of appropriate amounts of KCl
or NaCl based on the equation S

=

-RTCs (Hanks and Ashcroft

1980) in which S is solute potential or osmotic water potent3
ial, R is the universal gas constant (82 bars cm /mol K), T
is the absolute temperature (K) and Cs is the solute concen3
tration (mol/cm ).

After the salts were dissolved, the media
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were sterilised by autoclaving, with precautions against
evaporation.

Any loss in volume of amended media was
The osmotic water

restored with sterile distilled water.

potentials of non-amended media were determined psychometrically to be -l.A bars artd--l.2 bara for PDA and
BM respectively at 25

0

•

Thus water potentials were maintained

at -3.4 bars (PDA) or -1.2 bars (BM), -5 bars, -10 bars, -20
000

bars and -30 bars and temperatures were at 10 , 15 , 20

25

0

and

•

Two isolates of Aphanomyces euteiches, Numbers
918 and 919, were obtained from Plant Disease Division,
Department of Scientific and Industrial Research, Auckland.
The isolates were grown on PDA for 3 days when growth
covered three-fourths of the agar surface in petri dishes.
Disks (5 rom diameter) were cut from the periphery of the
colonies with a sterile cork borer and placed in the centre
of an 80 rom diameter plastic petri dish containing 20 ml
of osmotically adjusted agar medium.

Five replicates at

each isolate X potential X temperature of incubation were
used.

All plates of a given isolate X temperature group

were placed together in a sealed

p~astic

incubated in an inverted position.

bag and the plates

Colony diameters were

measured daily for 5 days of incubation when the most rapidly
growing colonies had reached the edge of the plates.
of growth, i.e. rom/h, was then calculated.

Rate
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Results - The two isolates of Aphanomyces

euteiches responded similarly to increasing solute potential.
They also reacted similarly to temperature of incubation as
shown in Figure 3.1.

Maximum growth occurred at the high-

pot~ntial

(-1.2 to -3.4 bars) and was reduced to

est solute

0

approximately 50% at -10 bars at temperatures 15 -25

0

•

Over the five-day growth period, cessation of growth
occurred at about -10 bars at 10 0 and at -30 bars at 15
and 25 0

•

Fungal growth was slowest at 10

0

;

0

,

20

0

it increased

as temperature increased.

There were no interactions between solute
potential and temperature on fungal growth.

The effects of solute potential and temperature
on rate of colony growth are shown in Table 3.1.

The

radial extension of the colony of both isolates was maximum
at the highest water potential and temperature.

Growth

rate was considerably reduced at < -10 bars and zero at -30
bars.

Discussion - Aphanomyc,es euteiches was shown to
require high water potential and warm temperature for maximum
growth.

As a consequence, decreasing potential and temperat-

ure altered the fungal growth by lowering growth rate and
prolonging the lag before growth (Scott, 1957).
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I

20
Solute potential (-Bars)
Relationship between solute potential and
colony growth of Aphanomyces euteiches
Isolates 918 and 919 on Basal Medium at 25 0
( • ); 20 0 (.); 150 (.);
10 0 (T) and
0
Potato Dextrose Agar at 25
(0); 20 0
(t:..),
0
150 (D); 10
(v).
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Table 3.1:

Effect of solute potential on rate of colony growth
of Aphanomyces euteiches isolates 91S and 919 on
Basal Medium and Potato De~trose Agar at four temperat(*0 solute potential was -3.4 bars for PDA or
Ures.
-1. 2 bars for BM.)
Mean radial growth rate

. . (rnrn/h.)
Isolate
no.

Temperature

Medium

(0)

Soll;lte potential (-:-Bars)
0*

91S

Basal

Potato
Dextrose

919

Basal

Potato
Dextrose

5

10

20

30

25

0.67

0.63

O.lS

0.07

0.00

20

0.57

0.50

O.OS

0.05

0.00

15

0.25

0.17

0.05

0.00

0.00
...

10

0.07

0.00

0.00

0.00

25

0.67

0.63

0.27

0.06

0.00

20

0.54

0.44

0.17

0.07

0.00

15

0.29

0.20

O.OS

0.05

0.00

10

0.10

0.07

0.05

0.00

0.00

25

0.6S

0.67

0.25

O.OS

0.00

20

0.63

0.54

0.17

0.07

0.00

15

0.31

0.23

0.07

0.05

0.00

10

0.09

0.06

0.00

0.00

0.00

25

0.71

0.67

0.3S

0.07

0.00

20

0.63

0.57

0.22

0.10

0.00

15

0.32

0.26

0.07

0.05

0.00

10

0.07

0.05

0.00

0.00

0.00

Sx

0.004

LSD (0.05)

0.05

LSD (0.01)

0.09

CV%

7.7

0.00
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The nutrient status had an effect on the
growth - water relations as indicated by the upward displacement of the growth - water potential curve (Figure 3.1)
and the increased growth rate at all water potential levels
(Table 3.1) with PDA.

This nutrient - water potential

relation was also observed by Scott (1953) for Staphy lococcus

aureus.

Sommer et al.

(1970) showed that with adequate

nutrition,Phytophthora parasitica grew well even though
water stress was apparent.

This suggested that the increased

growth of Aphanomyces euteiches was more likely a response to
the richer

3.3.2

medi~

of PDA than to decreased water potential.

Glasshouse Studies on the Effect of Soil
water Potential and Temperature on'Infection
Introduction - Results from laboratory studies

(Section 3.3.1) had shown the susceptibility of Aphanomyces

euteiches to water stress and high water potential and warm
temperature were required for maximal growth on solid media.
These responses may account for the greater incidence of
disease caused by the pathogen in wet and warm conditions
(Papavizas and Ayers, 1974).

Thus two experiments were con-

ducted to investigate the effect of soil water potential
and temperature on infection by aphanomyces root rot of peas.
The Soil - The soils used was a Barrhill sandy
loam collected from Rakaia in Canterbury on 30 September,
1982.

Some physical and chemical properties of this soil

are given in Table 3.2.
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Table 3.2:

Some chemical and physical properties of Barrhill sandy
loam (0-20 cm depth) from Rakaia, Canterbury (NZ. SoiL'
!?>ureau 131.111· 1%8)
Soil zone
Soil properties
0 - 75 cm

7.5

em

-

pH

6.0

5.8

Organic carbon %

4.0

2.7

14.6

9.8

Sand %

50.0

47.0

Silt %

28.0

34.0

13.0

19.0

Cation exchange capacity meg/IOO g

20 cm

Mechanical analysis:

Clay %
Dry bulk density g/cm

3

1.28

1.16

Total porosity %

54.5

51.0

Macro porosity %

5.8

5.4

The DSI, inoculum density and previous 4 crops
grown in the three soils, natural'ly infes ted with Aphanomyces
euteiches~

and number of years since last pea crop 'are given

in Table 3.3.

A non-infested soil, to be used as control,
was collected from the same location from a field in which
peas had not been grown for almost 20 years.
check for the presence of Aphanomyces

As a further

euteiches~

it was

examined microscopically as described in Section 2.3.3 in
Chapter 2.

Table 3.3:

Disease severity indices CDSI) and inoculum densities of three Barrhill sandy loam soils,
naturally infested with Aphanomyces euteiches~ and obtained from Rakaia, Canterbury on 30
September 1982 (previous four crops grown in each field before sampling and number of
years since last pea crop are indicated).
Previous four crops

Soil sample
(DSI)

Inoculum density
(no. of oospores
per 100 g soil)

100

783

pea

white clover

wheat

barley

4

75

219

ryegrass/
white clover

ryegrass

peal
white clover

wheat

2

50

77

white clover

wheat

ryegrass/
white clover

pea

1

1978

1979

1980

1981

Number of
years since
last pea crop
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Determination of Soil Water Potential and
Moisture Content - Water potentials between -0.2
bars and -0.02 bars were determined by
et al.

~ension

Tables (Hall

1977) and between -15 bars and -0.5 bars by ceramic

pressure plates (Soil Moisture Equipment Corporation,
California, USA).

The tension tables, a form of tensio-

meter, were adjusted at a height of 200 cm, 170 cm, 100 cm,
50 cm and 20 cm above reservoirs of water contained in
beakers to obtain water potentials of the soil placed on the
tension tables of -0.2, -0.17, -0.10, -0.05 and -0.02 bars.
Similarly, the gas pressure in the ceramic pressure plates
apparatus was maintained at either 0.5, 1.0 or 15 bars,o so
that the water content of the soil placed on the plates would
be at similar potentials.

To obtain the drying boundary

curve of the soil moisture characteristic curve, the soil
sample of about 10 g was spooned into a circular rubber ring
(5 cm diameter and one cm depth), placed over a square nylon
gauze on the porous plates of the tension tables or ceramic
pressure

plates.

The soil samples were saturated with

distilled water and water was withdrawn by the potential
treatments until an equilibrium was reached a week later.
The water held in the soil sampler, subject to the different
potentials, was measured gravimetrically (% water), i.e. as
g of water per g of soil oven-dried for 72 h at 105 0

•

Three replicates of each soil sample were determined at each
water potential.
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The relationship between water potential and
moisture content of Barrhill sandy loam from Rakaia, Canterbury, is shown in Figure 3.2.

When the water potential was

expressed in logarithmic form, there was a significant
relationship between water potential (expressed in -Log
Bars) and the moisture content of the soil with a correlation
coefficient of r

=

0.98 (Figure 3.3).

This logarithmic

relationship was used to determine water potential corresponding to the moisture levels used as treatments in subsequent
experiments.
Determination of Soil Holding "Capacity - The waterholding capacity of the soil was determined using KeenRaczkowski boxes made of brass (manufactured after Keen and
Raczkowski

1921 and modified by Coultz

1930).

They were

cylindrical with a diameter of 50 rom and were 25 rom deep
with perforated bottoms (holes of 0.75 rom in diameter and
5 rom apart) .

A circular filter paper cut to the internal

measurement of the base was placed in each unit which was
weighed and then filled with air-dried soil sieved through
1. 70 rom mesh.

soil sample.

The test was replicated three times for each
Approximately 10 g of soil was added at a

time and the box tapped on the bendh after each addition.
When it was nearly full sufficient soil was added to allow
the surface to be struck off flat (with a spatula) and the
whole box with soil then was weighed.

The box and contents

were placed in a flat bottomed dish containing about 8 rom
depth of distilled water and left overnight.

When a number

of boxes were placed in the same dish, additional water had
to be added at intervals to keep the level constant.

The
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Figure 3.2:

Soil water potential and water content relationship for Barrhill sandy loam from Rakaia,
Canterbury.
The curve shown is the drying
boundary curve determined by Tension Tables
(Hall et al.' 1977) and ceramic pressure
plates
(Soil Moisture Equipment Corporation,
California, USA).
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boxes were removed and placed on a stainless steel rack
in another flat-bottomed dish to allow excess gravitational
water to drain from the samples.

- Each dish was covered

with aluminium foil to prevent evaporation of water from
After 48 h, the boxes were dried on the out-

the soil.

side, weighed and oven-dried at 105

0

for 72 h.

At the end

of this period, they were cooled in a desiccator and
Waterholding capacity was calculated by the

reweighed.

amount of water held in the soil expressed as percentage of
weight of oven-dried soil.

Table 3.4 shows the moisture contents corresponding to the soil matric potentials (Figure 3.3) at 50%,
65%, 70%, 80% and 90% of the waterholding capacity of Barrhill sandy loam.

, The water content at 100% waterholding

capacity when determined by Keen-Raczkowski boxes method
was found to be 55%.
Table 3.4:

Water content and water potential of moisture regimes of
Barrhill sandy loam from Rakaia, Canterbury, determined
by Tension Tables (Halls et aZ. 1977) and ceramic pressure
plates (Soil Moisture Equipment Corporation, California,
USA) with a waterholding capacity of 55% determined by
Keen-Raczkowski boxes method.
Soil water content
(%)

Soil water potential
(- millibars)

50

27.5

200.0

65

35.8

28.0

70

38.5

14.0

80

44.0

3.0

90

49.5

1.0

100

55.0

0.0

Percentage of waterholding capacity
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According to Hodgson (1978), where soil was
categorised as wet (-10 millibars), moist (-1000 millibars) and dry (-10,000 millibars), the treated soil maintained at 50% waterholding capacity was classified as
between moist ,and dry;

65% and 70%, moist;

and 80% and

90%, wet.
Preparation of Pots - For all experiments,
the soil was packed in pots, 85 rom in diameter and 180 rom
in depth and without holes in the bottom.

The soil was

packed so that the bulk density was similar to field conditions.

The bulk density was obtained by using a grad-

uated soil core sampler (2.54 cm diameter) .

The core

sampler was inserted, always to a depth of 20 cm where soil
was being collected.

Each soil sample of 101.4 cm 3 from

the core sampler was placed in a plastic bag and taken to
the laboratory to be weighed.

Bulk density was calculated

and expressed as percentage of weight of soil divided by
volume after i t had been oven-dried at 105 0 for 72 h.
The Wisconsin Soil Temperature Tanks - The
experiments were conducted in Wisconsin soil temperature
tanks in the Microbiology Department glasshouse at Lincoln
College.

The design of the Wisconsin tanks was based on

that originally used at Rothamsted, England, and modified
by Plant Diseases Division of the Department of Scientific
and Industrial Research, Mount Albert, Auckland (Menzies
and Manning (pers. corom.).
Figure 3.4.

An'overall view of the tanks is in

The unit consisted of 8 tanks, 4 in each of

two glasshouse units.

Each tank fitted into a frame at

Plate 3.4:

The Wisconsin soil temperature tanks
located in the Microbiology Department
glasshouse in Lincoln College. Plan
views of the 8-tank unit are also
included.

SU6 Grant
Stirrer
Return
Flow

Exit (NonReturn)
Valve

Stainl~ss

Steel Sheet,
Tray

SOL Insulated Tarik
(800nun x 500rnm x
3 S Ornm de ep)

Stainless
Steel Rod
Pot Rack

'. l4HP Davies
Water
Insulated
Circulati9~.
Pump
l40L Glycol
Cooled
(20%) Tank

r

2HP Refrigeratior
unit

Stirrup holding
Tray and
Rack
Copper Cooling
Coil (12m long)

GENERJ..L VIEN OF NISCONSIN SOIL TEHPERATURE TANKS IN HICROBIOLOGY DEPARTMENT
GLASSHOUSES AT LINCOLN COLLEGE.

SIDE VIEW OF SOL INSULATED TANK
35 rom

Stainless Ste el
Rod Pot Rack
L

??

I~'
~~ (~

~~

r~

SU6 Grant
Heater
stirrer

l'

.t

800 rom

I

I'-

u

~

~

II

t

r+;'!(

\

1J

,

If

~
l(

L

Copper Cooling Pipe
"
Flow of Glycol
(12m lon g) Inl et Control
Valve
EXlt (Non-Return)
Valve
/

Heater Pump

f-j"

Stainless Steel
Sheet Tray

I

~

~

Copper I Coo l'lng
Flow of water
Plpe
500 rom
12-Print Chart
~~HOneYWell versaprint
Recorder

J

~i(
E

~

iii>

~

PLAN OF AN 8-TANK UNIT

Grant
Heater Stirrer

:;;;;
~

I'

.-

~S U6

I

II

G

t-

water Distribution
Mani fold Connected to
Outl et of Circulation Pump
Insulated 140L Glycol
Cooled (20%) Tank
2HP Refrigeration
~
Unit
~HP Davies
Water Circulating Pumpi(
J

J.

) )

~ ./

77

Each tank was made of stainless steel with

bench height.

an internal dimension of 800 x 500 x 350 rom, was surrounded
by 35-rom thickness of insulation, provided with a drain for
emptying and with suitable inlet and outlet apertures.
These were connected to copper coils, 12 m long x 10 rom
internal diameter, in the base of each tank, for cooling
the water.

A pot rack made from stainless steel rod was
The water in the tank was kept

fitted in each tank.

circulating, at 10 litres per min, by a SU6 Grant heater
stirrer (Grant Instrument, Cambridge, Ltd, England).
0

tanks were cooled by cold glycol (2 _5 0
through the copper coiling coils;

)

All

circulating

the glycol originated

from a main tank, 450 rom diameter x 600 rom height insulated
with polystyrene beads.

Glycol was pumped using a Davies

Water Circulating Pump to the individual water tanks entering through a needle valve and circulating in the tank
through the copper cooling coils.

The rate of flow was

adjustable so that the temperature of the tank would remain
constant when air temperature exceeded that of water in the
tank.

The refrigeration unit reduced the temperature of
o

0

the glycol to 2 -5.

The Wisconsin tanks were heated by

the SU6 Grant Heater Stirrer which had a one kw element.
The temperature of water was controlled by a proportionating
thermostat with an accuracy of ~ 0.05 0 where power to the
element was pulsed.

Shorter pulses were indicated when the

tank was closer to the desired temperature.

The effect of

air temperature on the tank water temperature was controlled
by wall insulation at the sides and bottom of the tanks and
polystyrene beads floating on the water surface around the
pots.
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A 12-print chart Honeywell Versa print recorder
equipped with a print cycle timer, which controlled the
chart speed at 15 mm/h

(MSI Honeywell Ltd, Christchurch)

was installed to monitor the temperature of water in each
tank, the glycol in the refrigeration tank and air temperature above the plants.

EXPERIMENT ONE:

Effect of Soil Moisture and Temperature

of AphanomycesRootRot

Introduction - This experiment was conducted in Wisconsin
soil temperature tanks to investigate the effect of soil
moisture (expressed in soil water potential) and temperature
on infection of peas with aphanomyces root rot, and on subsequent disease development.

Materials and Method

- A split plot design was used for

the experiment which consisted of two blocks of main treatments (temperatures of 8°, 12°, 16° and 20°) and subtreatments,
moisture levels at -200 millibars (soil water content % (SWC
of 27.5), -28 millibars (SWC
44.0) with soil of DSI 100.

=

35.8) and -3 millibars (SWC

=

Each block consisted of four

Wisconsin tanks randomly set at 8°, 12°, 16° and 20° in one
glasshouse unit with air temperature maintained at about 25°.
The experiment was established on 7 December, 1982.

Four pea seeds of cu1tivar Canterbury 39 were sown at
a depth of 2 cm in each pot (as described in 'Pot Preparation'
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section).

Pots were watered each day for 3 days as required

to maintain the soil moisture at -3 millibars in order to
promote

vigorous growth and seedling establishment.

Moist-

ure regimes were begun on the fourth day after sowing.

The

weight of each pot and the soil in it were recorded and the
water required was calculated for each of the moisture regime
treatments.

Pots were checked daily at 2pm by weighing and

watered to replace water lost by evapotranspiration.

The experiment was terminated at four weeks after sowing when the plants were removed from the pots and the soil
removed from them by thorough washing.

The number of nodes

on each plant and the whole plant dry weights (obtained by
oven-drying at 70

0

for 48 h) were recorded.

In addition, all

plants were rated for disease severity according to the
Disease Classes in Figure 2.2 (Chapter 2).

Results - The main effects and interactions of moisture and
temperature on disease severity, growth stage, dry matter
weight and top:root (T!R) ratio of the pea plants grown in
soil DSI of 100 are shown in Table 3.5.

Disease severity was shown to be enhanced with increasing temperature and moisture.
linear increase (P

=

There was a significant

0.05) with increased temperature.

No

visual symptoms were observed at 80 and disease severity
was recorded zero.

Root rot development was not severe at

o
However, at 20 , the disease severity

increased to 44.9%, three times more severe than at 16 o .
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Table 3.5:

The effect of soil temperature and moisture on
severity of Aphanomyces euteiches root rot at four
weeks of growth as shown by growth stage (number of
nodes) , dry weight and top:root ratio of pea cultivar
Canterbury 39 grown in Barrhill sandy loam soil of
DS! 100 (*mean weight of four plants) .

Disease
severity

Factors

(%)

Temperature
(T)

*Dry matter weight
(mg per plant)
Top

Root

Total

Top:root
ratio

0

8

0.0

7.6

140

177

318

0.87

12

0.5

9.4

218

195

413

1.21

16

12.5

10.8

309

199

508

1.57

20

44.9

10.6

382

121

503

3.50

Sx

4.85

0.23

29.6

25.9

4.3

0.101

*L

**L

*L

NS

NS

**L

Significance
Moisture
(-millibars)
(M)

-200

1.7

9.2

218

188

406

1. 36

- 28

15.6

9.8

273

179

452

1.61

3

26.1

9.7

296

152

448

2.39

0.86-

0.11

l3.5

9.4

19.6

Sx
Significance

Growth
stage

0.150

**L

*L

**L

NS

NS

**L

**L

**L

*L

NS

*

*L

16.8

3.3

14.6

15.4

Significant
interaction
TXM
CV%

12.7

23.8
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Moisture effects showed a linear increase in root rot development at a highly significant level (p

= 0.01).

Infection in

plants maintained at -200 millibars was not severe, but had
increased to 15.6% at -28 millibars and 26.1% at -3 milliA highly. significant linear interaction between these

bars.

two factors was also observed as shown in Figure 3.5a.

At a

°

temperature of 8 , there were no disease symptoms at all
moisture levels.
-3 millibars.

There were slight symptoms at 12°, only at
Highly significant differences were recorded

between the moisture levels at temperatures above 16°.

At

-200 millibars, disease symptoms only occurred at 20°.

Growth of the pea plants was not only affected by
colder temperature and drier conditions, but also by the root
rot infection at warmer temperatures and wetter conditions.
This was shown by the highly linear response (P

=

0.01) of

growth stage with an increasing number of nodes between 8°
and 16

0

and a slight reduction at 20°.

response (significant at P
obtained.

= 0.05)

Similarly, a linear

to increasing moisture was

At -3 millibars, growth was affected by infection.

Interaction effects between temperature and moisture shown in
Figure 3.5b clearly showed the extent of these factors on
growth.

Higher temperatures resulted in a linear increase (significant at P

= 0.05) in top dry matter yields.

Plants
o

accumulated 55%, 120% and 172% more top dry matter at 12 ,
16 0 and 20° respectively than at 8°.

Higher moisture levels

also caused an increase in top dry matter linearly, at a more
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Figure 3.5:

*TOP

Effect of temperature and moisture interactions
(-200 millibars.; -28 millibars.; -3 millibars .A.) on a) disease severity of aphanomyces
root rot, b) growth stage, c) total dry weight
per plant and d) top:root ratio of pea cultivar
Canterbury 39 grown in Barrhill sandy loam
with Soil DSI 100.

dry weight is the difference between total and root
dry weights) .
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significant level (P

=

0.01).

There were 25% and 35% dif-

ferences in yield between plants grown in soils with the
moisture-maintained at -28 millibars and -3 millibars compared
with those plants held at -200 millibars.

=

shows a linear significant response (P

Figure 3.5c
0.05) to interactions

between temperature and moisture on top dry matter.

Higher

yields were obtained at warmer temperatures and wetter conditions with the exception that at 20 0

,

there was an 11%

higher yield at -28 millibars than at -3 millibars.

Root dry matter increased as temperature increased from
8 0 to 16 0 with a reduction at 20 0 and at increased moisture
levels due to root rotting.

However, differences between

temperatures and moisture levels were not significant.

No

interaction between the treatment factors was observed.

Total dry matter yield was related to temperature in a
similar way to root dry matter.

The response of total dry

matter to moisture levels resulted in higher yields at -28
millibars and -3 millibars than at -200 millibars (by 10%).
Significant interaction (p

=

0.05) between temperature and

moisture on total dry matter yield is shown in Figure 3.5c.
Yield increased with temperature changes from 8 0

-

12 0 at all

moisture levels, and started to decrease beyond 12 0 at -200
millibars and 16

0

at -3 millibars while no decrease was

observed at -28 millibars as temperature increased.

When the ratio of top:root dry weight (T/R) was
calculated, there was a highly significant linear response
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(P

=

0.01) to temperature and moisture.

Temperature

increased the T/R ratio from 0.87 at 8 0 to 1.21 at 12
increase), to 1.57 at 16

o

(80%) and to 3.50 at 20

0

0

(a 39%

(300%).

The T/R ratio was increased from 1.36 at -200 millibars
to 1.61 at -28 millibars (+ 18%) and 2.39 at -3 millibars
As is shown in Figure 3.5d, a significant linear

(+ 76%).

response (P

=

0.05) was obtained to the temperature-moisture

interaction.

EXPERIMENT TWO: ' Effect' 'of Temperature, and Moisture on
Severity of aphanomyces Root' Rot 'at Four 'Soi'! Inoculum Levels
Introduction - In this experiment, the effect of temperature
and soil moisture on severity of aphanomyces root rot at four
soil inoculum levels was investigated using the Wisconsin
soil temperature tanks.

Materials and Method

- The experiment was of a split plot

design and consisted of four blocks of main treatments (soil
temperatures of 20

0

and 25

0

)

and subtreatments (three moist-

ure levels at -200 millibars, -28 millibars and -3 millibars
x 4 soil:

inoculum levels of DSI 0

(~ontrol),

Each subtreatment was replicated 6 times.

50, 75 and 100) .

The experiment

was established on 28 February, 1983.

Four pea seeds of cultivar Canterbury 39 were sown at a
depth of 2 cm in each pot (as described in 'Pot Preparation'
section) .

Water treatments maintained throughout the experi-
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ment were similar to those described in Experiment One.
The experiment was terminated on 1 April, 1983, 32 days
after sowing.

Plants were removed from the pots and the

soil was removed by thorough washing.

The severity of

aphanomyces root rot was assessed according to the Disease
Classes (Figure 2.2, Chapter 2), and the number of nodes of
the plants counted.

Total dry weight was obtained by oven-

drying at 70 0 for 48 h.

Results - The main effects of temperature

and soil moist-

ure on disease severity, growth stage, dry matter weight
and T/R ratio of pea plants at the four soil inoculum
levels are shown in Table 3.6.

There were no significant differences that could be
attributed to temperature.

The responses to soil moist-

ures and inoculum levels were highly significant (P

=

0.01)

and severity increased linearly as level of moisture
increased (-200 millibar to -3 millibar) or inoculum increased.
A significant quadratic response to temperature and inoculum
interaction was obtained as shown in Figure 3.6a.

Disease

severity increased linearly with increased inoculum at 20

0

•

At.25°, a linear increase was obser~ed only between 0 and 75
DSl.

Above 75 DSl, a diminishing curve response was obtained.

There was a highly significant interaction (:P

=

0.01) between

moisture and inoculum on disease severity as shown in Figure
3.7a.

At inoculum levels below 50 DSl, there were no sig-

nificant differences in disease severity at the three moisture
levels.

However, above that inoculum level, there was a
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Table 3.6:

Effect of temperature and moisture level on severity of
aphanomyces root rot, 32 days after sowing, as shown by
dry matter weight (mean weight of 4 plants) , number of
nodes and top:root ratio of pea.
The cultivar used was
Canterbury 39 grown at 4 inoculum levels of Barrhill sandy
loam.
Disease
severity

Factors

~~~r
%

of
Nodes

Dry matter weight
(mg/plant)

Top:root
ratio

- .

'rop

Root

Total

49.7
55.9
0;73

10.9
10.4
0.22

322
304
5~ 7

179
139
8.0

500
444
12.7

NS

NS

NS

NS

NS

Moisture
-200
(-millibars)
- ·28
(M)
3
Sx

43.6
54.0
60.S
1.56·

10.7
10.9
10.4

292
325
322
9.6

161
171
145
7.2

453
496
467
13.3

Significance

**L

*L

*L

NS

NS

0.0
48.6
72.1
90.5
1.81

11.9
11.4
10.4
9.0
0.15

381
361
298
212
1.1

250
205
115
67
8.4

630
566
413
279
15.3

**L

**L

.*L

**L

**L

**L

TXM
TXIL
MXIL
TXMXIL

NS
*Q
**L
NS

NS
NS
*L
NS

NS
NS
*L
NS

NS
*Q
*L
NS

NS
*Q
**L
NS

NS
NS
NS
NS

CV%

11.8

4.8

12.3

18.2

11.2

Temperature (0)
(T)
20
25
Sx
Significance

Inoculum level
(DSI)
(IL)

0
50
75
100
Sx

Significance
Significant
interaction

·0.13

2.30
3.22
0.446
NS
2.18
2.60
3.50
0.339
*L
1.53
1.80
3.39
4.33
0.392
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0

Effects of temperature (20 • ; 25 0 ) and
inoculum interaction on aphanomyces root rot
as shown by a) disease severity and b) dry
weight of pea cultivar Canterbury 39 grown
in Barrhill sandy loam in the experiment
conducted in Wisconsin Tanks at 32 days after
sowing.
*TOp weight is the difference between total and root weights .
. - -',r--';-
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Figure 3.7:

* Top

The effect of moisture (-3 millibars, -28
millibars, -200 millibars) and inoculum level
(DSI = 0, 50, 75, 100) interaction on
aphanomyces root rot at 32 days after sowing
as shown by a) disease severity, b) nu~ber of
nodes per plant and c) dry weight of pea cultivar Canterbury 39 grown in Barrhill sandy loam
in an experiment conducted in wisconsin Soil
Temperature Tanks.

weight is the difference betw~en total and root weights.
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significant increase of 60% at inoculum level 75 DSI and 45%
at 100 DSI in disease severity between -200 millibars and -3
millibars.

No significant interactions among the three main

factors were observed, but generally, disease development was
more severe at higher soil moisture levels and temperaturss
at all inoculum levels.

There were no significant differences in number of
0
nodes on plants growing at 20 o and 25;

were recorded on plants grown at 20
significant linear response (P

=

0

•

however, more nodes
There was.a negative

0.05) to the effect of

moisture on the number of nodes per plant.
decreased in wetter soils.

Likewise, the number of nodes

decreased (highly significant at P
increased inoculum.

The number

= 0.01) in response to

A significant reduction in the number

of nodes was observed only at inoculum levels above 50 DSI,
where there was a 13% and 25% decrease in node number with
inoculum levels of 75 DSI and 100 DSI.

There were no

interaction effects between temperature and moisture and
temperature and inoculum levels.

However, interactions

between moisture and inoculum levels showed a highly significant linear effect on number of nodes as shown in Figure 3.7b.
The reduction in number of nodes was more dramatic at -3 millibars than at -200 millibars and -28 millibars at increased
inoculum levels.

At 100 DSI, the highest number of nodes

was recorded at -200 millibars.

No significant interactions

occurred between the three main factors.

Not only did the

higher moisture at both temperatures favour growth as indicated
by plants grown in inoculum of 0 DSI, but it also enhanced
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severe infections in infested soil.

Top dry matter yields were not affected by temperature
There was a significant

changes in the soil (Table 3.6).
moisture effect (P

=

0.05) on top dry matter with a positive
However, no dif-

linear response to increasing moisture.

ferences occurred between -28 millibars and -3 millibars.
Yield decreased significantly (p
levels of inoculum.

=

0.01) at increasing

Plants accumulated less top dry matter

in DSI 50 (5%), 75 (21%) and 100 (44%) compared to DSI O.
The only significant interaction occurred between moisture
and inoculum levels as shown in Figure 3.7c.

Higher yield

was observed at inoculum levels less than soil DSI 75 when
there was more moisture.

However, less yield was obtained

at -3 millibars with soil DSI 100.

There were no differences in root dry matter yield
due to temperature and moisture levels.
matter yielded 22% more at 20

0

However, root dry

than at 25 0 and about 10%

more in soil at -200 millibars than that at -28 millibars.
A highly significant linear decrease (P

=

0.01) in root dry

matter resulted from increased inoculum levels.

Plants

accumulated 18%, 54% and 75%. less in soils of DSI 50, 75 and
100 than in soil of DSI O.
response (P

=

There was a significant quadratic

0.05) to temperature and inoculum interactions

as shown in Figure 3.6b.

Root dry matter decreased as

inoculum levels increased with greater reductions at 25 0

.

o

At the warmer temperature of 25 , root dry matter did not
differ significantly between soils of DSI 75 and DSI 100.
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A similar response was found with moisture and inoculum
level interaction on top dry matter as shown in Figure 3.7c.

The effects of temperature, moisture and inoculum on
top dry matter were similar to root dry matter.

Temperature had no significant effect on T/R ratio.
Increased moisture caused an increase of the T/R ratio significantly (P

=

0.05) from 2.18 at -200 millibars to 2.60

(+ 20% increase) at -28 millibars.
significant response (P
inoculum levels.

=

There was also a highly

0.01) of T/R ratio to increased

T/R ratio was increased from 1.53 at

DSI 0 to 1.80 at DSI 50 (an increase of 18%), to 3.39 at
DSI 75 (+ 122%) and to 4.33 at DSI 100 (+ 183%) .

No sig-

nificant response was shown by any of the interactions
between and among main factors.

Discussion - The results of these experiments support the
hypothesis that the erratic occurrence of aphanomyces root
rot of peas may be attributed to the interaction of soil
temperature and moisture on the pathogen.

Experimental

results showed that warm temperatures and wet soil conditions
favoured disease development.

As in previous studies on the diseases, soil moisture
expressed as percentage waterholding capacity was shown to
be inadequate to explain the influence of availability of
water on growth of Aphanomyces euteiches.

The most approp-

riate manner in which water content could be expressed was
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This conclusion is in agree-

in terms of water potential.
~

ment with that of Emberger and Welthy (1982) in their studies
on the effect of water matric potential on resistance to

Fusarium oxysporum f.

They

sp. medicagines in lucerne.

found that the percentage moisture holding capacity could not
be equated to matric potential.

In soil, disease development was considerably reduced
at a higher potential (-200 millibars) than was the growth
of organism on agar media (-30 bars).

The failure to grow

at higher water potentials in soil could not be related to
insufficient water for fungal growth but to some indirect
effect of soil water as suggested by Cook and Papendick
(1970).

Development of aphanomyces root rot was shown to occur
0
at the range of soil temperatures (8-25 ) at which the peas
were grown.

Disease symptoms were not severe nor did

invasion proceed rapidly at temperatures below 150 . . Below
the optimum temperature reported by Papavizas and Ayers (1974),
0
22 0 to 28 , the progress of the disease was favoured in
soils with the highest moisture content (Figure 3.Sa).
was no evidence of disease at 8
observed at 12

0

0

There

but'some effects were

at the highest moisture level.

Laboratory

0
studies showed that at 10 , growth of cultures on agar media
occurred at water potential> -10 bars (Figure 3.1).

This

result agreed with that of Jones and Drechsler (1925) who
0
reported a small amount of disease to occur at 10 .
also reported that zoospores were produced at 8

o

They

from

sporangia on the mycelium of the fungus and germination of
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o

Since Burke et ale

oospores occurred as low as 6.5 •

reported that maximum temperature for infection was 16

(1969)
o

pro-

vided the soil moisture was near saturation point, infection
should be expected below 16

0

,

i.e. at 8

for growth of Aphanomyces euteiches.

0

to 10

0

,

the minimum

When the temperature

was optimum for the pathogen, disease development was significantly related to soil moisture level (Figure 3.5).

Higher

disease severity was observed in infected plants growing in
wetter soils than in those in drier soils, although disease
incidence was equal in most cases.

This was similar to the

finding reported by Jones and Drechsler (1925).

The effect

of moisture stress was generally not on initial establishment
of the pathogen in the host but rather on the development of
established infections as suggested by Cook and Papendick

(1972) .

Growth of a healthy pea plant as shown by dry weight
and the number of nodes at 4 weeks of growth (Experiment Two)
was best in the wettest soil treatment and was progressively
reduced in drier soils and cooler temperatures.

Infection

by Aphanomyces euteiches altered the soil moisture-growth
relationship.

The increased yield responses to increased

soil moisture was no longer observed in diseased plants
when disease severity was high.

Dry matter yield of plants

in the presence of the pathogen were reduced in response to
soil moisture.

The faster growth rate of the plant roots

under wetter conditions suggested that primary infections
occurred at a rate determined largely by the rate at which
roots grew through the infested soil.

This conclusion was
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supported by Baker et ale

(1967) who classified Aphanomyces

euteiches pathogen-host relationship as an epidemic model
where motile fungal spores were attracted to moving root tips.
Thus the major limiting process in this type of epidemic,
according to Huisman (1982), was considered to be root growth.
pfender and Hagedorn (1983) arrived at a similar conclusion
and suggested that the rate of spread was severely constrained by an apparent requirement for the contact or at
least proximity of the host plants' roots to the inoculum.
Spread by the pathogen was limited as shown by Haenseler
(1925) who reported that zoospores did not migrate in the
soil more than 1.2 cm.

High inoculum levels in combination with warm
temperatures and wet soil conditions clearly had an effect
on the initiation of rapid disease development (Table 3.6).
Higher disease severity occurred at high inoculum levels, as
plants could have been expected to come in contact with the
inoculum earlier as roots grew through the soil and initial
infection led to the colonisation of a root system.

It is

possible that an increase in inoculum may permit movement of
a pathogen to neighbouring plants, either by mycelial growth
between roots in contact with one anbther or by short distance zoospore movement between roots (Pfender and Hagedorn
1983) .

They found the spread of pathogen was limited to a

distance of 5 plants (
plant.

18 cm) from the initially infected

This was consistent with their observation that

lateral roots of one plant grew far

e~ough

to contact lateral

roots of the fourth or fifth plant away from the row.

Their

findings also showed that the disease development was quite
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similar at all inoculum levels after disease incidence
reached about 5% and that lower disease severity occurred at
low inoculum levels due to the longer duration of disease
development at the beginning of the epidemic which had the
effect of reducing the overall disease severity throughout
growth.

The effect of a temperature and moisture may be
examined separately at each inoculum level or in combination
(Table 3.6 or Figures 3.6 and 3.7).

Both temperature and

moisture were shown to enhance disease development.

The

growth of plants and dry weight yield at warmer temperatures
and wetter conditions were decreased, similar to the findings
of Experiment One.

3.3.3

Glasshouse Studies on the Effect of Soil
Moisture on the Development of Aphanocymes
Root Rot, Plant Growth and Yield of Pea
Introduction - Salter (1962, 1963) showed that

flowering and pod swelling were the critical stages of pea
growth when adequate soil water was essential for high yields.
Stoker (1977) has recommended irrigation of pea crops to
restore the full rooting zone to field capacity especially at
flowering and podding stage.

As Aphanomyces euteiches has

been shown to attack the host plant over a period of time
(Pfleger et

aZ.~

1976), infection by the pathogen at any

growth stage would affect the uptake of soil moisture and the
growth of pea plants.
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To investigate the relationship between soil
water and disease development, an experiment was set up in
the glasshouse.

Four moisture regimes were applied at

three growth stages of peas, i.e. applying a high waterholding capacity at the three growth stages to ensure
maximum infection at each stage.

Materials and Method

- The peas were grown in

plastic containers (170 x 170 x 180 rom deep) without
holes, each contained 4 kg of soil on an oven-dried weight
basis.

Forty-eight pots' were prepared, 16 of each soil

inoculum level, and equally spaced out on glasshouse benches.
Six seeds were sown per pot on 17 February, 1983.

They

were thinned to 4 plants per pot a week later.

The moisture level in each pot was maintained
by adding water to give a weight based on water deficit of
the soil checked once a day at 2pm, as described in Experiment
One in Section 3.3.2.

The glasshouse temperature was set at

25 0 and daily temperature was recorded by a 12-point Honeywell Chart Recorder.

The pots were rotated every other day

to obtain a uniform temperature regime and light.

No

artificial light was provided.

The experiment was a 3 x 4 factorial design,
arranged in a complete randomised block replicated four times
and consisted of four water treatments on peas grown in the
three levels of soil inoculum, DSI

a

(control), 50 and 75

of Barrhill sandy loam (described in Tables 3.2 and 3.3).
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In Treatment 1, the soil moisture was maintained at -28 millibars throughout the 12 weeks growth period of the pea crop,
and in the other treatments, the soil moisture -was raised to field
capacity (from -28 millibars) for a period of three days at
three weeks growth stage (Treatment 2), at flowering stage
(Treatment 3) and at podding stage (Treatment 4) .

In assess-

ing the flowering and podding stages, the system defined by
Zain et aZ.

(1983) was used.

Flowering was when 50% of the

plants showed at least one open flower and podding was when
50% of the plants had one pod greater than 20 mm in length
on the first two flowering nodes.

At 12 weeks after sowing, the plants were harvested and assessed for disease severity (assessed according
to the Disease Classes in Figure 2.2, Chapter 2), pod numbers
and dry matter yield of roots, tops and pods.

Results - The effects of water treatments in
relation to soil inoculum levels on the parameters measured
are shown in Table 3.7.

Disease severity was found to increase linearly
in a highly significant manner (P
level increased.
also significant (P

=

0.01) as soil inoculum

The response to the water treatments was

=

0.05) but with a quadratic trend.

Treatment 2 increased the disease severity (by 30%) while
Treatments 3 and 4 did not produce any statistical differences
from Treatment 1.

100

Table 3.7:

Effect of moisture on the development of aphanomyces root
rot, pod number and dry weight of pea cultivar Canterbury 39
grown in Barrhill sandy loam at inoculum levels DSI 0, 50 and
75.
Water treatments were: Treatment 1: soil held at -28
millibars throughout the growth period; Treatments 2, 3 and
4: soil held at -28 millibars and watered to field capacity
for a period of 3 days at 3 weeks after sowing (2); at
flowering stage (3) and at podding stage (4).
*Dry weight
(mgper plant)

Disease
Pod number
severity % per plant

Factors

.Eoot
Soil inoculum level
(DSI)
a
50
75
Sx

0.0
75.0
84.0
3.08

1.6
1.1
0.9
0.07

235
126
102

Significance

**L

**L

**L

47.9
62.1
52.1
50.0
3.55

1.3
1.1
1.2
1.3
0.08

Significance

*Q

NS

Interaction
CV%

NS
23.2

NS
23.5

17

Pod

Total

1319 783
1062 425
746 349
58.9 57.2

2337
1613
1198
103.6

Top

**L

**L

**L

Water treatments
1
2
3
4

Sx

18.6
118
140
174
19.9
NS
NS
44.8

*Mean weight of four plants, from four replications.

1053 549
803 331
1088 604
1225 592
68.0 66.1
**Q

*Q

NS
NS
22.6 44.1

1788
1251
1832
1991
119.6
**Q
NS
24.2
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Pod number per plant was affected by soil
inoculum levels being reduced from 1.6 in DSI 0 to 1.1 in
DSI 50 (-31%) and to 0.9 in DSI 75 (-45%).

There were no

significant differences in pod number in response to the water
treatments.

Increased inoculum levels resulted in highly
significant linear reductions (P

=

0.01) of total dry weight

(composed of the root, top and pod dry weights) •

Plants

grown in soil of inoculum levels DSI 50 and 75 only accumulated
half the amount of dry matter of plants grown in soil of DSI O.
Treatment 2 caused a reduction in root dry matter, but this was
not significant.

On the other hand, top and pod dry weights

were related to water treatments significantly with a quadratic
trend.

Plants accumulated the highest yield in Treatment 4,

followed by Treatment 3 and the lowest yield in Treatment 2.
However, pod dry matter accumulation was highest in Treatment
3, though not significantly different from Treatment 4.
Total dry matter followed a similar pattern to top dry matter.

There were no significant interactions between
the soil inoculum levels and water treatments.
of these effects are illustrated in ~igure 3.8.

The results
In all

cases, high soil moisture levels at the seedling stage
reduced growth and with infested soils caused severe disease
with dry weight yields being reduced.

Watering to field

capacity at flowering and podding had a less effect on disease
severity as shown by the dry weight of the plant parts (roots,
tops and pods) .

102

a) disease severity

100

r--

0\0

r---:

:>-t

r--

r--

+J

~

•..-1

H

Sx
I

Q)

:>
Q)
en

~

50

Q)

en

cO

Q)

en

•..-1

Q

0

3000
+J

s::

cO

,....f

~

...........

tJ1

b) Total dry weight (mean weight of 4 plants)
Pod dry matter
Top dry matter
Foot dry matte'±"

=

2000

S

+J

..r::

tJ1

•..-1

Q)

1000

::;
:>-t

:r

H
Q

::r

0
1

2

3

o

4

1 2 3 4
Treatments*

1

50

2

3

4

75

Inoculum level '(Soil DSI)
Figure 3.8:

Effect of moisture on development of aphanomyces
root rot as shown by a) disease severity and b)
total dry weight of pea cultivar Canterbury 39
grown in Barrhill sandy loam at 3 inoculum levels
DSI 0, 50 and 75.*Treatments were: (1) Soil held
at -28 millibars throughout growth period; (2),
(3) and (4) soil held at -28 millibars but watered
to field capacity for a period of 3 days at 3 weeks
of growth; at flowering stage and at podding
stage respectively.
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Discussion - The favourable effect of high
soil moisture on aphanomyces root rot development was
observed at all growth stages of the pea 'crop (Table 3.7).
However, the conventional practice in which soil water level
was raised to field capacity at flowering and podding stages
(Stoker

1977) did not cause severe enough disease to apprec-

iably reduce yields.

This suggested that pea losses in

yield due to root rot might not be proportional to the
amount of inoculum in soil, but depended on the time of
infection in relation to stage of pea growth and amount of
soil moisture.

Evidence was provided by Lockwood and Bal-

lard (1959) and Lockwood (1960), who reported that the older
the pea plant was at the time of infection, the lower would
be the disease development and amount of root rot.

Thus,

significant yield reduction obtained from Treatment 2 when
soil

moisture was raised to field capacity at 3 weeks growth

stage of the pea crop resulted from poor crop establishment
due to severe root damage by aphanomyces root rot.

The delay

of rapid disease development at later growth stages (Treatments
3 and 4) suggested that root rotting did not cause sufficient
damage so that the conducting tissue of the plant was left
intact by the pathogen (Haenseler, 1925).
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CHAPTER 4

THE ROLE OF LEGUMES AND OTHER WEEDS
AS ALTERNATE HOSTS FOR Aphanomyces euteiches

4.1

INTRODUCTION
The factors involved in the survival of Aphanomyces

euteiches between pea crops have not been fully understood.
Once a field had become highly infested, the DSI was known to
decQ..ine slowly if peas were not grown (Papavizas and Ayers
1974) .

Boosalis and Scharen (1959) recovered oospores from

plant debris the season after an infected pea crop.
Scharen (1960) concluded that in the absence of the main host
plants (peas), oospores were probably the means by which the
pathogen was perpetuated.

This pathogen was shown to be

able to resist adverse conditions by Sherwood and Hagedorn
(1962) who reported that when oospores either in sterile or
naturally infested soil were kept dry, moist or saturated with
water, they remained infective even after two years of either
alternate or continuous freezing.

It has been suggested that infection of plants other
than peas may playa role in perpetuation of the fungus.
Haenseler (1926), Linford (1927), Geach (1936) and Sherwood
and Hagedorn (1962) have been among the investigators who
have found that several other leguminous plants (listed by
Papavizas and Ayers, 1974) were susceptible to Aphanomyces

euteiches although none was as severely affected as peas.
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However, as Papavizas and Ayers (1974) pointed out, some of
the hosts were evaluated by growing plants in inoculated
sterilized media and that they were not infected when grown
in field soil infested with the pathogen.
dorn (1962)

su~gested

Sherwood and Hage-

that antagonism to pathogen by other

micro-organisms could affect infection and reported that
some non-leguminous plants were not suitable hosts.

Linford (1927) found oospores that he thought were
those of Aphanomyces euteiches in plant debris.
were

id~ntified

Drechs.

Later they

by Drechsler (1954) as Aphanomyces campostyZes

Thus isolation and pathogenicity testing must be

used to determine if species other than peas have been
infected in the field with Aphanomyces euteiches.

This chapter reports the results of experiments to
cases in New Zealand, the role of legumes and other weeds in
infested

4.2

areas as alternate hosts for Aphanomyces euteiches.

EXPERIMENTAL
4.2.1

Evaluation of Plants ;from Aphanomyces-infested
Fields as possible Hosts
Materials and Method - In May 1981, soil

samples containing seeds were obtained from 5 fields in MidCanterbury which were known to be highly infested with

Aphanomyces euteiches (DSI of 100).
used was described in Section 2.3.1.

The soil sampling method
Ten plastic pots (150

rom diameter and 200 rom deep) were filled with soil from each
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field, labelled and placed randomly on a bench in a glasshouse with temperature maintained at 24 0 to 28 0

During

.

seed germination and emergence, soil moisture was kept at
65% of waterholding capacity based on gravimetric measurement as described in Section 3.3.2.

A week after emergence of the seedlings, the
soil moisture was raised to field capacity for a week, and
then maintained at 65% of waterholding capacity.

At 5

weeks after emergence, the soil was again raised to field
capacity for one week and then lowered to 65%.

At 7 weeks

after emergence, all of the emerged plants were removed from
the soil and roots washed thoroughly under running water.
The plants were identified and the root systems examined
microscopically for symptoms and signs of infection.
Infected root cortical tissue revealed oospores, a conspicuous diagnostic characteristic which distinguishes Aphanomyces

euteiches from other root rot pathogens (Figure 2.2) .

Results - Table 4.1 lists those plants that
grew in the soil samples collected from the field.

Oospores

with characteristics typical of Aphanomyces euteiches were
observed in the root systems of Medicago sativa, Trifolium

repens-,

~

arvensis.

Capse lla bursa-pastoris, Ste llaria media and· vio la
The latter three have not previously been

reported as hosts.

None of these infected plants showed

any symptoms up to the time they were removed from the pots.
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Table 4.1:

Results of a pot trial evaluating plants as possible hosts of

Aphanomyces euteiches grown in soil naturally infes'ted.
Infection was indicated by the presence of oospores (+) in
the, root system examined microscopically after 7 weeks of
growth.
Plant species*

Common name*

Family

Presence of
oospores

+

Stellaria media

Chickweed

Caryophyllaceae

Chenopodium album agg.

Fathen

Chenopodiaceae

Cirsium arvense
Cirsium vulgare
Crepis capillaris
Senecio vulgaris
**Sonchus oleraceus

Californian thistle
scotch thistle
Hawksbeard
Groundsel
Sow thistle

Compositae

Capsella bursapastor-is

Shepherd's purse

Cruciferae

Erodium cirutanum

Storksbill

Geraniaceae

**Triticum aestivum

Wheat

Gramineae

**Medicago sativa
**Trifolium repens
**Trifolium subterranean
**Vicia sativa

Lucerne
White clover
Subterranean clover

Leguminosae

Common vetch

"

**Malva rotundifoUa

Round-leaved
mallow

Malvaceae

Polygonium aviculare

Wireweed

polygonaceae

**Rumex acetosa
Rumex obtusifolius

Sorrel
Broad-leaved dock

Viola arvensis

Field pansy

"
"
"
"

"
"

+
+

"
"
Violaceae

* The species and common names are as listed in Healy (1984).
** Plant species reported as hosts in the literature.

+
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4.2.2

Pathogenicity Studies
Introduction - To verify that the oospores,

observed in the roots of infected plants from the pot
trial (Section 4.2.1) were those of Aphanomyces

euteiches~

Koch's postulates were carried out.
Materials and Method - On PDA and maltosepeptone agar which were used extensively for routine prop agation of the pathogen (Scott

1961), isolation of the

pathogen directly from infected plants showing typical
signs with oospores present in the root tissue were not
successful due to the presence of the faster growing secondary pathogens like FUsarium spp. which suppressed the
primary pathogen.

The technique of baiting described by

Manning and Menzies (1980) was used to isolate the pathogen.
However, sterilized vermiculite inoculated by infected root
fragments of possible hosts reported in Section 4.2.1 were
used instead of aphanomyces infested soil.

Fifty g of

infected root fragments (fresh weight) from plants grown in
aphanomyces infested soil (Section 4.2.1) were washed
thoroughly under running water for 2 h and then mixed with
sterilized vermiculite.

Each sample was put into a plastic

pot (150 mm diameter and 200 mm deep) .

Eleven sterilized

captan treated pea seeds (cultivar Canterbury 39) were sown
in each pot.
Wl'th

The experiment was conducted in a glasshouse

t empera t ures a t

0

24 -28

0

•

pots were watered to full

vermiculite moisture capacity and covered with paper towels
until the peas emerged.

After a week, the seedlings were

carefully removed and washed under tap water.

Roots with
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honey coloured lesions were excised and surface sterilized
in 10% sodium hypochlorite, a solution containing 0.2%
available chlorine, for one min, then washed 5 times in
These roots were cut into 4 mm

sterile distilled water.

segments and placed on PDA plates.
incubated at 20

0

The plates were

for 48 h after which time the tips of

hyphae from developing colonies were transferred to Corn
Meal Agar (CMA).

Serial transfers of hyphal tips to fresh

CMA plates were made to rid cultures of contaminating
bacteria.

Zoospores from isolates of Aphanomyces euteiches
from infected plants of Capsella
sativa~

Stellaria

media~

bursa-pastoris~

Medicago

Trifolium repens and Viola arvensis

were used as inocula in pathogenicity tests.
and 919 were used as controls.

Isolates 918

Preparation of zoospore

inoculum was based on the methods described by Llanos and
Lockwood (1960) and Mitchell and Yang (1966).

One hundred

ml of maltose-peptone broth (1.0 g of peptone and 3.0 g of
maltose per 1000 ml) per Erlenmeyer flask (250 ml) was autoclaved for 15 min at 121

0

and inoculated with a 5 mm plug of a

PDA culture of the fungus.

o
After 4 days incubation at 24 ,

the mycelial mats were rinsed in sterile tap water;
decanted and enough sterile
cover the mats.
4 h later.

dist~lled

this was

water was added to

The washing process was repeated 2 hand

The zoospores produced 16-20 h after the final

wash were highly motile.
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a)

Pathogenicity of isolates to peas
Pea seeds (cultivar Canterbury 39) were surface

sterilized in 10% sodium hypochlorite (0.2% available chlorine) for 3 min and sown in sterile vermiculite.

Plants

were inoculated 7 days after germination with zoospores
from the five isolates of the pathogen from the infected
plant species and isolates 918 and 919 to ensure that each
isolate produced the same disease on the inoculated plants.
Five ml of a zoospore suspension from each isolate which'
had a concentration of 10
water at the base of

4

spores per ml of sterile distilled

one stem of each 5 pea plants in a pot

and there were 3 pots per replicate.

The pots

were placed

0

in a glasshouseof 24 _28 0 for a month for aphanomyces root
rot to develop.

The moisture content of the vermiculite

was maintained at 80% of its waterholding capacity.
b)

Pathogenicity of isolates to other host plants
Plants of potential host species were grown in steril-

ised vermiculite.

Ten seedlings of each species were estab-

lished per pot from surface sterilized seeds.

When they

were approximately equivalent in size to 7 day old peas,
2 x 10

9

zoospores as used by Sherwood and Hagedorn (1962)

suspended in 10 ml of sterilized distilled water were pipetted
alongside the base of each plant.
species.

There were 3 pots of each

The pots were kept in a glasshouse at 24 0 -28 0

•

The moisture of the vermiculite was maintained at ·80% of
its waterholding capacity.

A month after inoculation, the

plants were removed from the vermiculite and roots washed
thoroughly under running water.

Sections of roots were

placed on microscopic slides, crushed and stained with cotton
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blue lactophenol stain (Appendix 2) for identification of
oospores of Aphanomyces

~uteiches.

controls were also set

up with uninoculated plants.

Results - When pea plants were grown in
vermiculite which had been inoculated with root fragments
of infected plants of the 5 species:
pastoris~

Medicago

and Viola

arvensis~

sativa~

stellaria

Capsella bursamedia~

Trifolium rep ens

then the peas showed symptoms of

aphanomyces root rot and the typical oospores of the pathogen.

The morphological characteristics of mycelial growth

on CMA were similar in appearance to those described by
Drechsler and Jones (1925) and Manning and Menzies (1980).
Mycelial growth of isolates from the 5 plant species was
sparse and granular in appearance and could not be distinguished
from growth produced by Isolates 918 and 919.
al

Pathogenici tyofisolates "to peas
Inoculated pea plants had honey coloured lesions on the

roots, whereas the roots of control plants were healthy.
There was no difference in disease severity caused by each
isolate on the pea plants.
b)

Pathogenici tyofisolates to other hostpl"ants
The 5 plant species inoculated with zoospores did not

show any sumptoms but oospores, similar to those in plants
taken from naturally infested soil and Isolates 918 and
919, were observed in their roots."

Table 4.2 shows oospore

frequency in the root systems of the plant species infected
by

Aphanomyces euteiches inoculated with zoospores.

Plant
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species (Medicago sativa and Trifolium

rep ens

) belonging to

the leguminosae showed higher oospore frequency in the root
system.

Table 4.2:

Oospore frequency in species infected by Aphanomyces
euteiches inoculated with zoospores of isolates of

Capsella bursa-pastopis, Medicago sativa, Stellaria
media, Trifolium rep ens and Viola arvensis. (No
cross-inoculation of zoospores of isolate from one
plant species to another was carried out.)
Abundance of oospores of
isolate per plant*

Host
.Botanical name

Capsella bursa-pastoris
Medicago sativa
ste l laria media
Trifolium repens
Viola arvensis

Plant species**

918

919

+

+

+

++

++

++

+

+

+

White clover

+++

+++

+++

Field pansy

+

+

+

Common name
Shepherd's purse
Lucerne
Chickweerl

*Mean numbers of oospores per 10 plants
+ - indicates 5 oospores or less in root system
++ - indicates 5-10 oospores in root system
+++ - indicates more than 10 oospores in root system
**Isolate from each plant species.

4.2.3

Field Studies
A field survey for possible host plants of

Aphanomyces euteiches involved collecting plants from fields
in Mid-Canterbury known to have a high DSI as shown by tests
performed by the Plant Health Diagnostic Station, Ministry of
Agriculture and Fisheries, Lincoln, Canterbury (Braithwaite
pers. corom.).
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Materials and Method

- Plant samples were

collected in May, 1981; December, 1981;
September, 1982.

May, 1982;

and

One plant of each species was collected

from 25 sites in each of 5 fields using a diagonal sampling
pattern across the field, similar to that described in
Section 2.3. 1.

Roots were washed thoroughly under running

water and examined microscopically for symptoms and signs
of aphanomyces root rot.

A similar survey in November,

1982, used a W-shaped sampling tFigure 4.1).

The number

of sampling sites per field was reduced from 25 to 10, but
the number of each plant species collected at each sampling
site was increased from one to three plants.

At each site,

the number of each plant species wi thin a 0.1 m2 quadrat was
recorded.
Results - In Table 4.3, the results of the field
survey studies from May, 1981 to November, 1982 are set out.
Of the 16 species collected from the fields,- VioZa

StelZaria

media~

CapseZZa

bursa-pastoris~

arvensis~

TrifoZium repens

and Medicago sativa were observed to be infected by

Aphanomyces euteiches as indicated by the presence of oospores
in the root system.

When the mean disease incidence of each

plant species in 5 fields was calculated based on the percentage of the number of plants infected in a sample of 25
plants per field on each sampling date, the pathogen appeared
to parasitize the alternate hosts most extensively during
warm temperatures and wet conditions as the incidence of the
disease was higher in spring than summer or autumn.

TrifoZ-

ium rep ens was the most susceptible species as it was observed
to have the highest disease incidence at any time and the only
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Relative positions of sampling sites in
a W-shaped path (after Basu et aZ.
1977).
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Table 4.3:

Results of the 1981-1982 field survey in Mid-Canterbury evaluating
field plants as alternate hosts for Aphanomyces euteiches
collected from 5 highly infested fields with soil DSI of 100.
Incidence* (%)
Hosts
Date of sampling
I

Botanical name

Cirsium arvense
SteUaria media
Viola arvensis
**Malva rotundifolia
Cirsium vu 19are
CapseUa bursapastoris
Sonchus oleraceus
Erodium cicutarium
**Trifolium repens
**Trifolium
angustifolia
**V icia faba
Rumex obtusifoZium
**Rumex ac.e~osa
RanucuZus repens .
Crepis capiZZaris
-Hf1,rpj{iW;l.go ?;ativa

Summer
Nov 82

Summer
Dec 81

0

0

0

0

Chickweed

0

0

0

40.0

18.4 (675)

Field pansy

0

37.6

0

28.0

64.2(4633)

Round-leaved
mallow

0

0

0

0

Scotch thistle

0

0

0

0

Shepherd's
purse

0

11.4

0

27.8

Sow thistle

0

0

0

0

Storksbi11

0

0

0

0

0(0)

White clover

0

40.4

22.0

75.0

32.5 (1175)

vetch

0

0

0

0

Broad bean

0

0

0

0

Nar:r;ow-leaved
dock

0

0

0

0

Sheep's sorrel

0

0

0

0

Buttercup

0

0

0

0

Hawksbeard

0

0

0

0

Lucerne

0

0

0

4.0

Californian
thistle

Autumn
May 82

Spring
Sept 82

Autumn
May 81

Common name

25.6(417)

* Incidence is the mean incidenceof 5 fields 'calculated as number of plants
with oospores in root systems in a sample of 25 plants of each species
per field, except in November 1982 survey where a sample consisted of 30
plants and populations of plant species per 0.1 m2 were indicated within
parenthesis; - indicates that plants were not collected for assessment.
**Plant species that had been reported as hosts in literature.
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species infected during the cooler autumn temperature (May,
1982) .

4.3

DISCUSSION
Pathogenicity tests (Section 4.2) showed that

Aphanomyces euteiches parasitized two leguminous plant
species,

Medicago sativa and Trifolium rep ens and three

other weeds, Capsella bursa-pastoris 3 Stellaria media and

Viola arvensis belonging to the families Cruciferae,
Caryophyllaceae and Violaceae respectively.

The latter

three plant species have not been reported as hosts in
Literature.

The importance of these hosts to the survival and
perpetuation of the pathogen was not assessed in this study.
Evidence from glasshouse and field studies (Tables 4.1 and
4.3) showed that these hosts were parasitized at wet conditions similar to those that favoured disease development in
peas.

These hosts could be harmful ·to pea crops as the
infected roots could act as a source of inoculum for following pea crops by ensuring the maintenance of the inoculum
level by production of new oospores.
supported by findings of Temp

Such conclusion is

and Hagedorn (1967) who found

that substantial number of fields showed increased or static
disease indices even in the absence of pea plants, suggesting
involvement of other hosts.
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The finding that non-leguminous plant species could
act as hosts contradicted the conclusion of Sherwood and
Hagedorn (1962) that these species were not suitable hosts.
They concluded this from the fact that non-leguminous
plant species that had been reported as hosts were results
of pure culture inoculated infection.

This did not provide

sufficient evidence to show that they were hosts as they did
not get infected in naturally infested soil.

Because the alternate hosts of Aphanomyces euteiches
examined in this study showed no symptoms at all, thus known
as 'symptomless carriers'

(G'arett, 1960), persuading farmers

to pursue weed control programmes with sufficient zeal may
be difficult.

Control of the disease by not growing

leguminous crops which acted as alternate hosts like Medicago

sativa and Trifolium repens would not prove practical in
Canterbury arable crop rotations for the cash return and
nitrogen fixing.
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CHAPTER 5

STUDIES ON THE CONTROL OF APHANOMYCES ROOT ROT
CAUSED BY Aphanomyces euteiches

5.1

INTRODUCTION
Since Aphanomyces euteiches was first reported by

Jones and Drechsler (1925), several studies have been
reported on chemical or cultural control of root rot of
peas caused by this

pa~hogen.

Economic methods of control

of this disease are not available and resistant cultivars
have not yet been developed.

Control in New Zealand has

paralleled experience elsewhere (Jermyn et ale

1982) in

that disease avoidance has been accepted as the only reliable method.

Jermyn et ale

(1982), in New Zealand, have investigated

fungicides reported to be effective against Oomycetes in the
field and they found them to be ineffective.

Part of the

present study was to determine the effects of fungicides on
control of the pathogen both in the laboratory and glasshouse to verify the conclusions of Jermyn et ale

(1982).

Research by Papavizas (1966, 1967) on the cultural
control of Aphanomyces euteiches has suggested that the root
rot disease caused by this pathogen could be reduced by
cruciferous amendments to infested soil.

In this chapter,

the literature on chemical control and cultural control by
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cruciferous amendments is reviewed.

This provides the

background for the experiments which included:
1.

Laboratory studies on the effects of fungicides on
Aphanomyces euteiches in vitro.

2.

Glasshou~e

studies on the effects of seed treatment

fungicides on disease development.
3.

Glasshouse studies on the effects of cruciferous amendments on aphanomyces root rot of peas.
Further information on pesticides included in this

chapter is included in Appendix 3.

5.2

LITERATURE REVIEW

Chemical Control
In their review, Papavizas and Ayers (1974) stated that
the literature was almost completely devoid of information on
pea seed treatments to control root rot caused by Aphanomyces
euteiches.

However, there have been several reports on the

effects of seed treatments on root rot severity.
et at.

Delwiches

(1939) observed that seed treatments were of no

benefit in the control of root rot ·and Johnson (1953, quoted
by Papavizas and Ayers

1974) noted that heavy rates of

seed-protecting materials increased plant survival in infested
soil, but seed treatment was not shown to decrease root rot
severity.

Papavizas and Lewis (1974) observed in glasshouse

experiments that pea root rot was suppressed for up to 4
weeks from planting by combinations of fungicides used as
seed treatments.

An attempt to use copper sulphate/methocel
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by Pfleger et al.

(1976) as a seed treatment was not success-

ful and was furthermore found to be phytotoxic.

The bene-

ficial effects of hymexazol against the pathogen were
reported by Kotova and Tsvetkova (1980).

The fungicide

mixture fenaminosulf plus benomyl resulted in a small but
significant reduction in root rot with some cultivars of
peas, but the effect did not persist (Jermyn et al.

1982).

However, Mitchell and Hagedorn (1969) stated that the only
practical measure of the effectiveness of a specific treatment in reducing root rot was the effect on the subsequent
yield of the crop.

In the 1960s and early 1970s, considerable research
was on the control of aphanomyces root rot with soil fungicides.

Most of the fungicides tested either completely

failed to control the disease or gave mediocre results.
Lockwood (1961) found that only six of the many different
fungicides tested in the glasshouse and field reduced root
rot.
of

Haglund (1968) reported that in-furrow application
chloronitropropane was effective in increasing pea yields

in the field by delaying the progress of the disease.

This

fungicide, however, was lachrymatory, of high toxicity (acute
oral LDSO of the rat at 197 mg per kg) and with no tolerances
permitted, thus was not given clearance for use for peas.
Papavizas and Lewis (1971) found that the soil sterilants
metham-sodium tetrahydro-3,S-dimethyl-2H-l;
carbon disulfide;

dimethydisulfide;

Basamid;

methyl isothiocyanate

and methanethiol reduced pea root rot in the glasshouse.
They also reported that an application of fenaminosulf
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reduced root rot in the field.

These results supported the

findings of a number of other investigators (Mitchell and
Hagedorn

1966, 1969, 1971;

Papavizas

1967), who reported

that soil treatments could suppress the disease if properly
applied to soil.

Further evidence was provided by Pfleger

(1976) who reported that pyroxychlor was effective

et al.

only when applied in a granular form placed directly in the
furrow at sowing.

However, although these chemical con-

trols were achieved in the glasshouse and in limited field
trials, none of the chemicals has been recommended for field
application (Papavizas and Ayers

1974) because it was not

economic to use soil chemicals for control of pea root rot.

Several workers have demonstrated that dinitroaniline
herbicides can reduce root rot both in glasshouse and field
trials.

Examples were trifluralin (Harvey et al.

dinoseb (Jacobsen and Hopen
Reiling

1977;

Grau

1975),

1975), dinitramine (Grau and

1977) and combination of oryzalin and

trifluralin (Teasdale et al..

1978).

Harvey et al.

(1975)

reported that higher yields of peas, obtained in soils
treated with the herbicides, were due to a reduction of
root rot severity by herbicides in both field and glasshouse
conditions.

They obtained direct evidence that trifluralin

was inhibitory to hyphal growth and zoospore formation of
the pathogen.

This suggested that this would delay the

onset of the severe root disease and enhance seedling vigour
and, as a result roots would be more tolerant of Aphanomyces

euteiches when they grew out of the herbicide zone (Grau and
Reiling

1977).

Teasdale et al.

(1979) therefore concluded
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that dinitroaniline herbicides could be expected to reduce
disease severity and increase pea growth under those conditions which frequently resulted in aphanomyces root rot.

cultural Control by Organic Amendments
Repeated cropping of a field with peas causes an
increase of Aphanomyces euteiches inoculum in the soil.
Martins (1925) reported that 100 per cent of the pea crop
became infected with the pathogen when peas followed peas in
root rot infested fields.

Only 26% of plants were infected

when peas followed alfalfa, 14% oats and 4% after one year
of fallow.

However, Reinking et al.

(1945) reported that

rotations did not eliminate but only reduced the severity of
the disease.

The value of crop rotations as a control

measure was questioned by Olofsson (1967) who noted that
once a heavy infestation of the pathogen was established in
a field, growing peas became uneconomic.

He postulated

that it might take 10 to 15 years to reduce inoculum density
in soil to a safe level.

Temp and Hagedorn (1967) made

the first systematic study of the effect of cropping practices
on aphanomyces root rot of the peas.

They found a larger

decrease of severity in fields that had been planted with more
than half their cropping rotation in corn, grain or vegetables
(excluding peas) than in fields cropped primarily with forage
crops.

Their results showed conclusively that it was the

type and quantity of the crop residues associated with each
crop sequence that was important in the decrease of root rot.
They agreed with Olofsson (1967) that cropping rotations without peas for as long as 10 years were not always effective in
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eradicating root rot.

However, long rotations could reduce

inoculum density to such an extent that a profitable pea
crop could be grown.

Prior to. 1960, there was little information on the
effects of organic amendments to soil on Aphanomyces
euteiches inoculum.

Davey and Papavizas (1961) noted

that mature oat straw and corn stover, with or without
supplemental nitrogen, could reduce r00t rot of peas.
Interest in organic amendments was renewed by the findings
of Papavizas (1966, 1967) who showed that cruciferous amendments such as sterns and leaves of Brassica oZeraceae (cabbage, kale and brussel sprouts) and Sinapis aZha
(mustard), when added to soil, reduced root rot of peas.
In later trials, Papavizas and Lewis (1971) and Lewis and
papavizas (1971) found that several cruciferous amendments
added to soil three weeks before sowing were very effective
in the glasshouse against root rot.

In the field, incor-

porated kale reduced pea root rot by 50%, and cabbage reduced
it by 40%.

Papavizas (1967) showed that water extracts of

decomposing cabbage leaves and sterns in soil, did not suppress, reduce or prevent mycelial growth, sexual reproduction,
zoospore production and release, zoospore germination or
infectivity of germinating zoospores.

He postulated that

sulphur-containing volatiles were produced during decomposition of amendments in soil and those might adversely affect
vital phases in the life cycle of the pathogen before or
after host penetration.
by Dateo et al.

This author used evidence provided

(1957), Clap et al.

(1959), Bailey et al.
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(1961) and Lichtenstein et aZ.

(1964) all of whom reported

that cruciferous plants were characterised by high contents
of sulphur-containing compounds such as methanethiol, dimethyl
sulfide, and isothiocyanates which were liberated in volatile
forms by chemical or enzymatic degradation.

Lewis and

Papavizas (1970) obtained direct evidence that cruciferous
species decomposed in soil with the formation of the volatile
sulfur-containing compounds and later Lewis and Papavizas
(1971) reported that commercially-produced sulfides and
isothiocyanates especially dimethyl disulfide and methyl
isothiocyanate were extremely toxic to Aphanomyces euteiches
even at concentrations as low as 0.04 ppm.

They suggested

that sulfur-containing volatiles might be implicated in the
mechanism of control of aphanomyces root rot of peas by
organic amendments as they found that vapours from decomposition of cabbage tissues adversely affected the morphology of
the pathogen, development of oospores and mycelial growth in
comparison to vapours arising from the decomposition of corn
which had no effect on the pathogen.

These findings

indicated that the potential for root rot diseases of peas,
caused by Aphanomyces

euteiches~

could be reduced by adding

organic amendments to infested soil.

However, Papavizas and

Lumsden (1980) maintained that the use on a field scale of
cruciferous amendment was likely to be not feasible as peas
were a crop of low financial return.

They also stated that

research should be directed to the use of commercial fumigants, e.g. Vapam, Vorlex or Basamid containing inhibitory
sulfur-compounds.

In view of earlier comments by papavizas

and Ayers (1974) that economics did not permit use of soil
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chemicals in the control of pea root rot caused by the
pathogen, research in the development of commercial fumigants
,

containing sulphur-compounds should take into aecount the
economic reality of the prevailing agricultural system.

5.3.1 Laboratory Studies on the Effect of Fungicides
on Aphanomyces euteiches

i~

vitro

Introduction - The objective of these experiments
was to ascertain whether the systemic fungicides, hymexazol,
metalaxyl and pyroxyfur, investigated by Jermyn et at.
(1982) and found to be non-effective against Aphanomyces

euteiches in field conditions, inhibited the pathogen in
vitro.

Table 5.1:

Fungicides used for the chemical control studies on the
pathogen.

Conunon name

Trade name

Formulation

Pyroxyfur

Dowco 444 XRM 4408

75% a.i. emulsifiable
concentrate

Metalaxyl*

Apron 35

35% a.i. wettable powder

Hymexazol*

Tachigaren

70% a.i. wettable powder

*Names as from Anon. (1983).

Pyroxyfur
Some of the information is from data supplied by Dow
Chemicals via Ivan Watkins-Dow.
1.

Nomenclature and Development - The chemical name of this

systemic fungicide is 2-chloro-6-(2-furanylmethoxy)-4(Trichloromethyl) pyridine.

It was introduced by Dow Chemical
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Company with code number DOWCO 444.

The trade mark is thus

Dowco 444.
2.

Properties - The fungicidal properties were described

by Frick (1981).

It is a straw-coloured liquid with a

vapour pressure of 6.4 x 10
in water at 24.4

0

3

mPa.

Its solubility is 1.2 ppm

and it is readily miscible in most solvents.

It is non-mobile in the soil and non-persistent in the
environment.
3.

Uses - The fungicide is capable of downward movement

in plants with accumulation in the root-system and can provide
long residual disease control.

Frick (1981) reported that

it had been fully tested in laboratory, glasshouse and field
trials and found to be highly effective for control of lower
stern and root rot diseases caused by the genera

Pythium~

Phytophthora and Aphanomyces euteiches root rot of peas.

Additional data showed that the fungicide could control
other root rots like Fusarium oxysporum wilt of carnation
and bulb rot of tulips and seed-borne diseases like Pyrenophora graminea

4.

leaf stripe of barley.

Formulation - Four formulations of the fungicide are

available:
a) Emulsifiable seed treatment concentrate containing
dye 800 g a.i./l.
b) Emulsifiable concentrate 800 g a.i./l.
c) 5% dust formulation.
d) stern

treatment formulation 250 g a.i./l.

127

Metalaxyl
Some data are obtained from Anon.
1.

(1983).

Nomenclature and Development - The chemical name of

metalaxyl is methylN-C2-methoxyacetyl)-N-(2,6-xylyl)-DLalaninate.

It was introduced by Ciba-Geigy Aktiengesell-

schaft (Company) as code number 'CGA 48988'.
are 'Ridomil', 'Apron' and 'Fubol'
2.

(mixture with mancozeb).

Properties - Its fungicidal properties were described

by Urech (1977).

Pure metalaxyl forms colourless crystals.

The melting point is 71.8-72.3
at 20 0 .

0

and vapour pressure 293 ~Pa

The density is 1.21 g/cm 3 at 20 0 •

o

20 , was 71. gil of water;
dichloromethane;

at 20 0 occurs in

550 gil benzene;

650 gil methanol;

270 gil propan-2-01.
>

12 days at pH 10.
3.

Trade marks

Solubility, at
750 gil

130 gil octan-l-ol and

Fifty per cent hydrolysis (calculated)

200 days at pH 1, 115 days at pH 9 and
The fungicide remains stable at

<

0
300 .

Uses - Metalaxyl is a systemic fungicide suitable for

the control of diseases caused by air and soil borne peronosporales, in a wide range of temperate, subtropical and
tropical crops.

Foliar sprays with mixtures of metalaxyl

and conventional protectant fungicides are recommended for
the control of air-borne diseases such as that caused by
Pseudoperonospora humuli in hops, Phythophthora infestans in

potatoes,

Peronospora tabacina in tobacco and Plasmopora

viticola in vines.

Metalaxyl alone is used as a soil appli-

cation for control of soil-borne pathogens causing root and
lower stem rots in crops such as avocado and citrus.

This
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method of use is also recommended in primary systemic
infections of downy mildew in hops and tobacco seed beds.
It is used as a seed treatment for the control of systemic
downy mildews as well as damping-off caused by Pythium spp.
4.

Formulations - For soil applications,

'Ridomil' 5G,

granules at 50 g a.i./kg is available.

Seed treatments

include 'Apron SD35' at 350 g a.i./kg;

'Apron FW350' in

suspension concentrate (flowable) form at 350 g a.i./l.
Fungicide combinations for foliar use include 'Acylon Super
F',

'Ridomil combi'

(metalaxyl + folpet);

(350 g metalaxyl + 350 g captan/kg) ;
MZ'

(metalaxyl + mancozeb);

maneb) and 'Ridomil plus'

'Apron 70 SD'

'Fubol',

'Ridomil M'

'Ridomil

(Metalaxyl +

(metalaxyl + copper oxychloride).

Hymexazol
Some data are obtained from Anon.
1.

(1983).

Nomenclature and Development - Hymexazol or_hydro-

xyisoxazole, its chemical name:

5-methylizoxazol-3-ol,

was introduced by Sankyo Co. Ltd as code No.
'SF-6505'.

'F-3l9' or

The trademark of the systemic fungicide is

Tachigaren.
2.

properties - Its fungicidal properties were described

by Iwai and Nakamura (1966).

The technical grade (98%

pure) forms colourless crystals with melting point at 86
and vapour pressure at
85 g/l water at 25
organic solvents.

o

<

133 mPa at 25 0

•

0

Its solubility is

and it is readily soluble in most
It is stable and non-corrosive under

alkaline conditions, comparatively stable under acidic con-
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ditions, comparatively stable under acidic conditions and
is not affected by light.
3.

~

caused by

- It is effective against soil-borne diseases

Aphanomyces~

Corticium~

EUsarium and Pythium spp.

and other fungi when applied as a soil drench.
used as a seed treatment for sugar beet.

It is also

It also has been

found to have some activity as a plant growth regulator.
4.

Formulation - These include liquid (30 g a.i./l) ;

dust (40 g a.i. g/kg) and seed treatment (700 g a.i./kg) .

Experiment One:

Effect of Fungicides on Hyphal Growth

in vitro
Introduction - The effects of pyroxyfur, metalaxyl and
hymexazol on hypha 1 growth of three isolates of Aphanomyces
euteiches~

Isolates 918, 919 and 9203 (described in Section

3.3.1), were investigated.
Materials and Method - Potato dextrose agar (Difco PDA) was
used as an assay medium to investigate the effect of fungicides on growth and development of the three isolates.
The autoclaved medium was allowed to cool to 40

0

before the

fungicides, pyroxyfur, metalaxyl or hymexazol were added at
concentrations of 1, 5, 10 and 100 ppm.

The amended media

were poured into plastic petri dishes (85 mm diameter) .
Five dishes (20 ml per dish) were poured of each amended
medium of each fungicide at the prescribed concentration and
used immediately after the medium had set.

A plug of

inoculum, 5 mm diameter, cut from the margin of an actively
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growing 3-day old colony of each isolate, was placed on
the medium at the centre of each dish.
incubation at 25

0

After four days

in the dark, when the colony of the

no fungicide, of Isolate 919 had reached the edge of the
petri dish, the

exp~riment

was terminated.

Two diameters

of the colony in each dish at right angles were measured.
Results - Table 5.2 shows the results of the in vitro assay
experiment.
isolates.

Pyroxyfur completely inhibited growth of all
Reductions of growth by metalaxyl and hymexazol

were not consistent.

Significant reductions of 25% and

35% by metalaxyl were recorded only with Isolates 918 and
9203 respectively, while 16% and 25% reductions by
hymexazol were recorded with Isolates 918 and 919.
Metalaxyl treatments reduced growth of Isolate 918 significantly with increasing rates;

however, this was not observed

with Isolate 919 and 9203 where effective reductions were
only obtained at 10 ppm and 100 ppm with Isolate 919 and a
non-statistical difference between 5 ppm and 10 ppm with
Isolate 9203.

With Isolates 918 and 9203, hymexazol did

not reduce growth significantly at concentrations of one to
10 ppm but effectively reduced the growth by 47% and 29%
at 100 ppm respectively.
on Isolate

Hymexazol treatments had no effect

919 at the concentration of one ppm, but reduced

growth significantly at increasing rates from 5 ppm to
100 ppm.

Although colony diameter was not markedly reduced
with hymexazol, morphological changes were observed in the
mycelium" (figure 5.1).

In the nil fungicide medium,
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Table 5.2:

Effect of pyroxyfur, metalaxyl and hymexazol at 4, concentrations on mycelial growth of 3 isolates of Aphanomyces euteiches
on Potato Dextrose Agar (Difco). Measurements were taken after
4 days of incubation at 25° when colony of Isolate 919 in the
nil treatment reached the edge of petri dish.
Colony diameter

(mm)

of isolate

Fungicide
919

75.0

85.0

56.0

Pyroxyfur

0.0

0.0

0:0

Metalaxyl

56.0

79.5

36.5

Hymexazol

63.3

64.0

52.0

Sx

0.8

0.2

0.3

Significance

**

**

**

Nil

Metalaxyl (ppm)

a

0

75.0 a

85.0 a

56.0 a

1

70.0 b

85.0 a

41.0 b

5

60.0 c

85.0 a

39.0 c

10

.51.0 d

80.0 b

38.0 c

100

43.0 e

68.0 c

28.0 d

0.5

0.3

Sx.
Hymexazol (ppm)

a

9203

918

a

0.2

0

75.0 a

85.0 a

56.0 a

1

73.0 a

85.0 a

56.0 a

5

70.0 b

72.0 b

56.0 a

10

70.0 b

64.0 c

56.0 a

100

40.0 c

35.0 d

40.0 b

Sx

0.7

0.1

0.2

CV%

7.0

2.0

3.0

Means followed by the same letter do not differ significantly
(P - 0.05) using Duncan's Multiple Test.
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Figure 5.1:

Comparison of hyphae of Aphanomyces
euteiches grown in Potato Dextrose Agar
amended with a) no fungicide and b)
hymexazol at 100 ppm.
(Drawn and enlarged with aid of a compound
microscope at a magnification of 400X as
hyphae appear in culture stained with
cotton blue lactophenol stain under a
cover glass on a microscopic slide for
lucidity; Bar = 8 ~m).
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whiitish aerial mycelium was prominent in each dish and
young vigorous hyphae with 3-10

~m

diameter, destined to

become zoosporangia, were normally packed with coarsely
granular cytoplasm

with irregularly scattered vacuoles and

small refractive oil droplets.

In the PDA containing

pyroxyfur, metalaxyl or hymexazol, the hyphae,
diameter), branched abundantly

~ith

«

5

~m

in

~

no aerial growth and cop-

tained almost 40-50% less granular cytoplasm.
tips were curved or"enlarged or globose.

The hyphal

Discussion - Results in Table 5.2 indicate that pyroxyfur,
metalaxyl and hymexazol were effective in suppressing or
preventing growth of Aphanomyces euteiches with different
effects on each of the three races.

The deformed hyphae

due to fungicidal effects, especially noticeable in the
presence of hymexazol, was similarly reported in the hyphae
of the pathogen in the presence of volatile sulfur compounds
evolved during decomposition of cruciferous amendments (Lewis
and Papavizas, 1970) and dinitroaniline herbicides (Grau,
1977) •

Lewis and Papavizas (1970) suggested that hyphae

in such conditions might be more predisposed to lysis in
soil.

Experiment Two:

Effect of Fungicides on Zoospore Formation
and Motility in vitro

Experiment One showed that hyphal growth of Aphanomyces

euteiches was either inhibited or
metalaxyl and hymexazol.

~educed

by pyroxyfur,

Available circumstantial evidence

suggests that the mycelium has a minor role in infections in
natural soil (Papavizas and Ayers, 1974) .

Scharen (1960,
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cited by papavizas and Ayers

1974} presented evidence that

oospores of the pathogen provided the primary inoculum for
new outbreaks of pea root rot and many of these oospores did
not germinate in soil, but those that did especially those
adjacent to plant roots did so by means of zoosporangia and
zoospores.

Subsequently, the zoospores were reported by

Cunningham and Hagedorn (196l) to be the primary unit of
infection and had a .chemotactic response to pea root exudates
especially strongest in the region of elongation or immediately
behind the root cap.

Thus it was important to investigate

the effects of pyroxyfur, metalaxyl and hymexazol on zoospore
formation and motility of two isolates of Aphanomyces euteiches
Isolates 918 and 919.

Because studies in Experiment One used solid media of
PDA, this made it difficult to separate the effects on growth
of mycelium and the

formation and motility of zoospores.

To induce asexual reproduction in juvenile mycelium of ±his
fungus, Jones and Drechsler (1925) followed the practice common
then, as now, with water molds of replacing the nutrient medium
with water and replacing this successively a few times at brief
intervals.

Visible evidence of asexual reproduction occurred

some 5-6 h later.

Llanos and Lockwood (1960) confirmed the

validity of this practice and also pointed out the importance
of aeration and the occurrence of strain differences in the
formation of zoospores.
Materials and Method - The method developed by Llanos and
Lockwood (1960) was used to produce zoospore inoculum in
maltose and peptone broth consisting of 1.0 g of peptone and

:1.35

Boiling tubes

3.0 maltose per litre of distilled water.

(24 mm x 150 mm) were filled each with 15 ml of the broth.
The tubes were plugged with non-absorbent cotton wool,
covered with caps and autoclaved at 121

0

After

for 15 min.

cooling, each tube was inoculated with a 6 mm diameter plug
from the margin of 3-day old colonies of Aphanomyces euteiches
The tubes were incubated for 4 days at

Isolates 918 or 919.
25

0

kept inclined to provide maximum mycelial growth.

,

At the end of the incubation period, nutrient medium was
replaced with salt solution at pH 6.5 (adjusted with 0.01 M
HCl) consisting of 1.75 x 10
MgS0

4

-3

M CaC1 2 , 10

-3

M KCl and 10

-3

M

which Mitchell and Yang (1966) had shown to favour

abundant zoospore production.

The washing procedure was

repeated immediately and again 2 and 4 h later.

At the

final washing, the salt solution contained 4 concentrations
of fungicides at

~,

5, 10 and 100 ppm.

The nil treatment

included was the salt solution alone.
The tubes containing the treated mycelial mats in salt
solution were further incubated in a water bath with a
reciprocal shaker (Grant Instruments, Cambridge Ltd, England)
at 25 0 and shaken at 150 strokes per min for 16 h.
mats were stored at 4

0

Mycelial

after incubation to stop sporulation

and induce encystment of zoospores to facilitate counting.
Each treatment was replicated 3 times and 2 subsamples
of each replicate were used for counting using a counting
chamber (Levy Double Neubauer, Clay Adams, Becton Dickinson
and Company, USA).
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The effect of the fungicides on zoospore motility was
tested by introducing motile zoospores, produced in a fungicide-free environment, into a salt solution containing the
fungicides.

Twelve h after final mycelial wash, zoospores

in salt solution were added to equal volume of salt solution
amended with fungicides, final concentrations similar as
defined.
25

0

The zoospores were incubated in the water bath at

and shaken at 150 strokes per min for one h.

The per-

centage of zoospores showing motility was determined by
counting the non-motile zoospores initially present in the
preparation and subtracting the number from the zoospore
total population.which was counted after applying heat from
a bunsen flame to the counting chamber to eliminate motility
for 15 sec.
Results - Figure 5.2 shows the results obtained on zoospore
formation.
Isolate 919.

Isolate 918 produced 34% fewer zoospores than
Pyroxyfur was the most effective fungicide,

inhibiting zoospore formation of Isolate 918 completely, even
at one ppm, and Isolate 919 at concentrations higher than
5 ppm.

Metalaxyl was the least effective fungicide, reducing

zoospore formation by both isolates effectively only at concentrations higher than 10 ppm.

At 100 ppm, there was no

zoospore produced by Isolate 918, while 6% was produced by
Isolate 919 compared to the nil treatment.

On the other

hand, one ppm of metalaxyl increased zoospore formation by
Isolates 918 and 919 by 83% and 31% over the nil treatments
respectively.

Zoospore formation by both isolates was reduced

at increasing concentrations of hymexazol.
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zoospore motility was effectively inhibited by pyroxyfur
and hymexazol at all concentrations.

In the metalaxyl treat-

ments, inhibition only occurred at concentrations higher than
5 ppm and there was no inhibition of zoospore motility of
both isolates at one ppm and 5 ppm.
Discussion - Results in Figure 5.2 showed that pyroxyfur,
metalaxyl at high concentrations and hymexazol were effective
in suppressing formation of zoospores.

other results showed

them to inhibit motility of zoospores.

The effects of these

fungicides could be related to two factors:

1) the direct

effect on the morphology of the hyphae as shown in Experiment
One where either complete or partial inhibition of mycelial
growth was obtained;

2) the presence of fungicide, after

the activation of asexual reproduction by mycelial washing,
might have affected the sequences of asexual sporogenesis as
described by Jones and Dreschler (1925).

Evidence was pro-

vided by Mitchell and Yang (1966) that the medium in which
mycelium was exposed determined the production of zoospores.
They reported that the ionic composition of medium had substantial effect once the processes leading to asexual reproduction were fully activated by the washing procedure and
once the mycelium was suspended in'the basic salt solution,
the sequence of events -continued through to completion with
the formation of motile zoospores.

They also found that

activation was completely reversible as when fresh peptone
of glucose broth was added to activate mycelium, normal
vegetative growth was stimulated.
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The increased zoospore formation of both Isolates 918
and 919 by the low concentrations of metalaxyl could be due
to the death of some hyphae caused by the fungicide.

This

phenomenon has been described as 'hyphae density' effect by
Mitchell and Yang (1966) who showed that the response to
mycelial washing varied with density of hyphal growth.
They observed that in areas of the fungal colony where the
mycelium was thin, asexual spores differentiated and were
extruded.

In denser areas, spores were differentiated but

none were extruded. Cochrane

(1958), in his discussion of

metabolism and reproduction, pointed out the possibility that
some factor in normal hyphae might be released on their
death to reach a threshold of concentration high enough to
induce sporulation.

Experiment Three:

Effect of fungicides on oospores formation

in vitro
Because pyroxyfur, metalaxyl and hymexazol were shown to
have considerable effects on growth of mycelium and asexual
sporogenesis of Aphanomyces euteiches (Experiments One and
Two), effective control of root rot of peas would be expected.
However, Jones and Drechsler (1925) reported that the formation of oospores, the sexual stage and the major factor in the
survival between pea crops (Sherwood and Hagedorn, 1964), was
generally considered to occur when the thallus of the

pat~o

gen was exposed to adverse conditions or environmental stress.
Thus a third experiment investigated the effect of pyroxyfur,
metalaxyl and hymexazol' on the ability of the mycelium of the
pathogen to produce oospores ,when exposed to the fungicides
at concentrations of one, 5, 10 and 100 ppm.
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Materials and Methods -

The effects of pyroxyfur, metalaxyl

and hymexazol on oospore formation were determined by the
number of oospores produced in mycelial mats of the fungus
suspended in fungicide at one, 5, 10 and 100 ppm.
Mycelial mats were prepared using cellophane to separate
the fungus from the agar medium, a technique developed by
Fleming and Smith (1944).

Moisture permeable discs of

cellophane (plain transparent of 600

¢

thickness) were cut

to 80 rom in diameter to fit 85 cm plastic petri dishes.
The discs were placed between sheets of filter paper soaked
in distilled water in"a glass petri dish and autoclaved at
121 0 for 20 min.

The discs were then transferred to the

surface of PDA in petri dishes, avoiding air spaces being
formed as much as possible.

A plug of inoculum, 5 rom in

diameter cut from the margin of 3-day old colony of each
isolate of the fungus was placed in the centre and on the
top of the disc on the PDA.
25

0

,

During the 3-day incubation at

colonies in each plate were checked at 12 h intervals

for oospore production so that only colonies without
oospores were used for treatment.

Cellophane discs

with

colonies growing on them were removed from the plates and
the mycelial roots, separated from cellophane discs, were
transferred to plastic petri dishes containing 20 ml of
fungicide solution or sterile distilled water.
cates were prepared for each treatment.

Four repli-

These were incubated

for 48 h, after which time the number of oospores produced
was counted microscopically.

Twenty counts at random were

made in each colony and the number of oospores produced in
the fungicide treatment was calculated as the average number
of oospores per cm

2

of the area of the colony of each isolate.
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Oospores produced were greater in number nearer the source of
inoculum.
Results - After 3 days of growth on PDA, colony diameters of
Isolates 918 and 919 reached 42 rom and 62 rom respectively.
Figure 5.3 shows that the nil treatment, Isolate 918 was more
2
prolific in oospore production per cm ,
2
Isolate 919 (32/cm ) .

2
(650/cm ), than

However, the overall percentage num-

ber of oospores produced by each isolate in all fungicide
treatments did not differ statistically (35% and 36% compared to nil by Isolates 918 and 919 respectively).
The effect of pyroxyfur on the two isolates was
similar with the number of oospores being markedly reduced by
5 and 100 ppm, but reductions also occurred at one and 10 ppm.
Fewer oospores were produced at one ppm of metalaxyl than at
the higher concentrations with both Isolates 918 and 919,
but large numbers of motile zoospores were observed only in
the one ppm concentration.

Hymexazol increased oospore

production of Isolate 918 by 18% at one ppm.

Only effect-

ive reductions were obtained at 10 ppm and 100 ppm concentrations.

Progressive inhibition of oospore formation with

increasing concentrations was obtained with Isolate 919,
although concentrations at one ppm and 5 ppm were equally
effective.
Discussion - It has been suggested by Jones and Drechsler
(1925) that oospore formation occurred when the mycelium of

Aphanomyces euteiches was exposed to adverse conditions or
environmental stress.

Results in Figure 5.3 showed that

Isolate 918 was more capable of survival than 919 because of
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greater oospore production.

When each was exposed to

pyroxyfur, metalaxyl and hymexazol, the overall reduction in
oospore numbers was similar with each isolate.

Thus the

ability of the pathogen to produce oospores, the survival
units (Jones and Drechsler, 1925) in the presence of fungicides, even in high concentrations

may help to reduce

severity of root rot of peas, but not reduce inoculum in the
infested soil.

5.3.2

Glasshouse Studies on "the Effects of Fungicide
Seed Tre"atmentson Di"s"ease Development
Introduction - Laboratory studies (Section 5.3.1)

showed that fungicides listed in Table 5.1 significantly
reduced the growth and development of Aphanomyces euteiches
in bioassay tests.

In this section, a series of glasshouse

experiments were carried out to investigate the effect of
fungicide seed treatments on disease development.

Experiment One:

Effect of fungicide seed treatments

The first glasshouse experiment investigated the effectiveness of fungicides when applied as seed treatments and the
interactions when used as mixtures.
Materials and Method - Fungicide treatments (Table 5.3) were
applied to 100 g samples of pea seed (cultivar Canterbury 39),
already treated with the standard protectant fungicide Captan,
in 500 ml sealed erlenmeyer flasks by vigorous shaking on a
Griffin Flask Shaker (Griffin and George Ltd, Britain).

The
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chemicals were applied with one ml of water except when
combined with the liquid pyroxyfur formulation.

The

treated seeds were dried in trays.

Table 5.3:

Fungicide treatments used to investigate the effectiveness
of fungicide seed treatments.

Fungicide

Treatments
(a.i. g/kg seed)
Trial One

Trial Two

Pyroxyfur (PL)

1.5

1.5

Pyroxyfur (PH)

3.0

3.0

Metalaxyl (ML)

3.0

Metalaxyl (MH)

6.0

Untreated (Captan) PO, MO, or HO

Hymexazol (HL)

5.0

-

Hymexazol (HH)

10.0

PL + ML

1.5 + 3.0

PL + MH

1.5 + 6.0

PH + ML

3.0 + 3.0

PH + MH

3.0 + 6.0

PL + HL

1.5 + 5.0

PL + HH

1. 5 + 10.0

PH + HL

3.0

+ 5.0

PH + HH

3.0

+ 10.0

'The experiment was split into two trials:

Trial One'

with pyroxyfur and metalaxyl as one treatment combination,
and Trial 2 with pyroxyfur and hymexazol as the other treatment combination.

This design was to reduce unnecessary

combinations that could occur.

A 2 x 3 x 3 factorial design

with randomised complete block design replicated four times

145

was used for each trial.

Two soil inoculum levels (DSI

50 and 100) of a Barrhill sandy loam (soil description and
cropping history described in Secti-on 3.3.2) obtained from
Rakaia, Canterbury on 30 September 1982, were used.
Treated seeds were sown on 29 November 1982 at a rate of
one per cavity in the 36 cavities of rootrainers (desctibed
in Section 2.3.4) per tray containing the soil.

Each tray

consisted of one treatment and isolated in individual
plastic containers.

Seventy-two trays were prepared for

each trial and equally spaced on glasshouse benches with
temperatures maintained between 24 0 _28 0

•

Soil moisture

was kept at -3 millibars throughout the experiment.

Fifteen plants per replicate were harvested at four
weeks (27 December 1982) and eight weeks (17 January 1983)
after sowing for disease severity assessment (Figure 2.1 in
Section 2.3.2) and dry matter yield of roots and tops of
plants.

Results
Trial One

The main effects and interactions of seed

treatment with pyroxyfur and metalaxyl on severity of
disease development as shown by dry weight of pea plants at
two soil inoculum levels are shown in Table 5.4.

a)

Disease Severity
Disease severity differences were highly significant

(P

=

0.01) between inoculum levels DSI 50 and DSI 100

throughout the growth period.

There were no above:-ground

symptoms in the four weeks old plant in inoculum level DSI 50.
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Table 5.4:

Effect of pyroxyfur and metalaxyl seed treatments on severity
of aphanomyces root rot as shown by DSI and dry matter yield
of pea plants at four weeks and eight weeks of plant growth
at two soil inoculum levels.
The pea cultivar Canterbury 39
was ustad.

8 weeks

4 weeks
Treatments

DSI

Dry matter yield
(g/p1ant)

%

DSI

Dry matter yield
(g/plant)

%

Root

Top

Total

Root

Top

Total

Inoculum level
(I)

50
100
Sx

**

Significance
Pyroxyfur

PO
PL
PH
Sx

20.8
28.1
26.1
0.55

.**Q

Sign:i,ficance
Meta1axy1

2.8
47.2
0.45

MO
ML
.MH
S~

Signif:i,cance
Interactions:
I X pa
I X Ma
P X Ma
I X P X Mb
<;:V%

0.21 0.35
0.10 0.23
0.003 0.004

0.56
0.34
1.09

**

**

**

0.15
0.18
0.15
0.004

0.27
0.35
0.26
0.005

0.41
0.53
0.41
0.008

.**Q

**Q

0.12
0.15
0.20
0.004

0.26
0.28
0.34
0.005

**L

**1;.

**1;.. .. **L.

**
**
**
**

**
**
**
**

**
**
**
**

**
**
**
**

9.4

10.1

7.6

7.1

34.4
21.9
18.8
0.55

.**Q
0.37
0.43
0.54
0.008

49.8
66.1
0.010

**
61.3
54.1
58.5
1.34

... **Q
57.6
56.1
60.1
1.34
NS

0.26
0.26
0.015
NS

0.41
0.40
0.020
NS

0.24
0.30
0.24
0.012

0.42
0.04
0.41
0'.018
.NS.

0.66
0.69
0.65
0.024
NS

0.39
0.43
0.40
0.018
NS

0.66
0.70
0.64
0.024
NS

**Q
0.27
0.26
0.25
0.012
NS

**

**

NS

NS

**
**

**
**

9.8

20.1

NS
NS
NS
NS
19.2

a A11 of these data with significant interactions are presented later
in graphs.
b

All of these data with significant interactions are presented later
in tables.

0.47
0.66
NS

NS
NS

**
**
18.1
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Disease development was very rapid from four weeks to eight
weeks of plant growth, with an increase from 2.8% to 49.8% with
-soil of DSI 50 and from 47.2% to 66.1% with soil of DSI 100.

Plants from seed treated with pyroxyfur at both levels
showed a significant quadratic increase (P
disease severity at four weeks.

=

0.01) in

Severity was observed to be

35% and 25% worse in plants from seed treated with PL and PH
respectively than in plants from untreated seed.

However,

at eight weeks, pyroxyfur treatments suppressed disease
severity quadratically at a highly significant level (P

= 0.01).

PL was more effective in reducing disease by 11% than PH by

5%, which did not differ statistically from nil treatments.

Metalaxyl treatments were shown to be highly effective
(significant at P

=

0.01) in reducing disease severity with

a linear response to increasing rate at four weeks of plant
growth.

There was a 36% decrease by!'1L and a 45% decrease

in disease severity by MH .

At eight weeks, both metalaxyl

treatments showed a nil effect on disease development as
there was no significant differences in disease severity.

There was a highly significant interaction (P

=

0.01)

between inoculum level and pyroxyfur as shown in Figure 5.4.
At four weeks of plant growth, pyroxyfur treatment completely
controlled disease development at inoculum level DSI 50 and
aontinued its effectiveness at eight weeks reducing DSI with
increased rates of the fungicides.

At inoculum level DSI

100, disease was reduced significantly by the high rate of
pyroxyfur at four weeks, but at eight weeks the only effect-
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Figure 5.4:

Interaction between a) pyroxyfur or b) metalaxyl
and two soil inoculum levels DSI 50 and DSI 100
on severity of aphanomyces root rot of pea cultivar Canterbury 39 at 4 weeks and 8 weeks after
sowing.
(Mean data derived from results of 3
rates of each fungicide.)
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ive response to treatment was at ML where disease severity was
reduced by 13%.

Significant interaction (P

=

0.01) between inoculum

levels and metalaxyl treatment only occurred at four weeks
of plant growth (Figure 5.4).

Disease development was

completely controlled at DSI 50, while at DSI 100, disease
severity was reduced significantly by 27% and 34% respectively
by ML and MH treatments.

There was a highly significant interaction (P

=

0.01)

between pyroxyfur and metalaxyl treatments on disease severity as shown in Figure 5.5.

All fungicide treatments

effectively reduced disease severity at four weeks of plant
growth.

There was no significant difference in disease

severity between treatments PL and PH (a reduction of 30%
and 36% respectively).

Metalaxyl alone at both rates was

shown to be most effective reducing disease severity by 71%
with ML and 87% with

l~H.

There was a reduction in effect-

iveness of ML when combined with PL and PH.

Similarly, the

effectiveness of MH on its own was also reduced when combined
with pyroxyfur at either rates.

At eight weeks, only the

PH application by itself significantly reduced disease severity by 20%, while PL and metalaxyl at either rates were no
longer effective.

However, the effectiveness of PL or ML

was improved when applied as a mixture, resulting in the
lowest disease severity obtained
different from the PH application.

though not significantly
The other fungicide

combinations did not result in any beneficial effects.
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PL.

PH

Interaction between pyroxyfur (P) and
meta1axyl (M) at three rates on severity
of aphanomyces root rot of pea cultivar
Canterbury 39 at a) 4 weeks and b) 8 weeks
of growth. Overall means of data derived
from DSI 50 and 100.
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A highly significant interaction among the three main
factors was obtained (Table 5.5).

Table 5.5:

Effect of pyroxyfur and metalaxyl seed treatments at two
soil inoculum levels interaction on disease development
of aphanomyces root rot of pea cultivar Canterbury 39 at
four weeks and eight weeks of growth (disease severity %).

Soil inoculum
(DSI)

50

100

Pyroxyfur
(rate)

4 weeks

8 weeks

Metalaxyl (rate)

Metalaxyl (rate)

MO

ML

MH

MO

ML

MH

PO

25.0

0.0

0.0

55.4

50.0

47.6

PL

0.0

0.0

0.0

50.3

39.3

50.0

PH

0.0

0.0

0.0

47.6

50.0

50.0

PO

62.5

62.5

56.3

73.9

64.6

54.2

PL

25.0

56.3

50.0

65.3

76.4

64.6

PH

12.5

50.0

50.0

50.0

62.5

83.3

Sx

2.34

5.69

LSD (0.05)

3.88

9.42

At inoculum level DSI 50, all treatments effectively controlled
disease development at four weeks.

However, at eight weeks,

the only fungicide treatment which was significantly effective
was the mixture of PL and ML, reducing disease severity by 29%.
At inoculum level DSI 100, both rates of pyroxyfur effectively
reduced disease severity by 60%

with PL and 80% with PH at

four weeks, but only metalaxyl at the higher rate reduced
disease severity significantly by 10%.

Fungicide combinations

were not beneficial as compared with pyroxyfur application
alone at either rates and in fact reduced the effectiveness of
pyroxyfur.

At eight weeks, the higher rates of both pyroxyfur
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and metalaxyl was shown to be equally effective as they did not
differ significantly.

Although treatment combinations PH and

ML reduced disease severity significantly by 15%, the combination was not as effective as PH application alone.

b)

Root Dry Matter
Root dry matter yield was highly significantly (P

=

0.01)

affected by inoculum levels with a 52% difference between DSI
50 and DSI 100 at four weeks of plant growth.

However, at

eight weeks, there was no statistical difference (Table 5.4).

/

A quadratic response (highly significant at P
~

= 0.01)

to pyroxyfur treatment by root dry matter yield was due to the
20% at four weeks and 25% increase at eight weeks by PL treatmente

At four weeks, yield increased linearly at a highly

significant level (p

=

0.01) with increased rate of metalaxyl

with 25% with ML and 67% with MH.

At eight weeks, no

statistical difference in yield was obtained.

There was a highly significant interaction (P

=

0.01)

between inoculum levels and pyroxyfur on root dry matter at
four and eight weeks of plant growth.(Figure 5.E).

At four

weeks, at inoculum level DSI 50, pyroxyfur treated plants
accumulated more yield than the non-treated and the increase
was sl'ightly more with PL (21%) than with PH (10%).

At

inoculum level DSI 100, a 30% increase in yield was obtained
with PL treated plants, but 20% decrease occurred with PH
treated plants.

At eight weeks, both treatments of pyroxyfur

decreased yield by.14% at DSI 50, while at DSI 100, the treatments increased yield by 32% and 26% with PL and PH respectively.
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Interaction between inoculum levels and metalaxyl only
occurred at four weeks (Figure 5.6).

In OSI 50, yield was

increased with increased rates (38% with ML and 56% with MH) .
In OSI 100, no statistical difference was obtained between
the nil-treated and treated plants.

There was a highly significant interaction (P

=

0.01)

between pyroxyfur and metalaxyl treatments as shown in Figure

5.,1.

At four weeks, both rates of pyroxyfur were equally

effective, increasing yield by 40%.

Although there was no

statistical difference between ML and nil treatments, there
was a slight increase of 10%.

The highest root dry matter

accumulation was with plants treated with MH (140% over MO) .
Fungicide combinations did not show any increase in efficacy
as compared with either one of the fungicides used in the mixtures.

At eight weeks, the only treatment which increased

yield significantly (61%} was the combination of PL and ML.

A highly significant interaction (P

=

0.01) among the

three main factors on root dry matter yield was obtained as
shown in Table 5.6.

At four weeks of plant growth, at inoculum level OSI 50,
all treatments increased yield.

Both pyroxyfur and metalaxyl

alone were equally effective in increasing yield at increasing
rates (25% with the low rates and 70% with the high rates).
Fungicide combinations increased the efficacy of pyroxyfur and
metalaxyl

except PH + MH which was not significantly different

from each fungicide alone at the high rate.

The combination

of PL and ML increased the effectiveness of both fungicides at
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Combinations of PH + ML and PL + MH showed

low rate by 33%.

marked increases of 116% and 158% respectively as
the nil treatment.

compared with

At eight weeks, treatments PH and combinat-

ion of PL and MH increased yield by 3% which was not significant
from nil treatment, while the other treatments reduced yield
significantly especially the low rates of pyroxyfur (34%),
metalaxyl

Table 5.6:

(31%) and the treatment combination of PH + ML (38%).

Effects of pyroxyfur and metalaxy1 seed treatments at two
soil inoculum levels on root dry matter yield of pea cultivar
Canterbury 39 affected by aphanomyces root rot at four weeks
and eight weeks (g/p1ant) •.

Soil inoculum
(DSI)

Pyroxyfur
(rate)

4 weeks .

8 weeks

Metalaxy1 (rate)

Meta1axyl (rate)

MO

ML

MH

MO

ML

MH

PO

0.12

0.15

0.21

0.32

0.22

0.23

PL

0.15

0.20

0.31

0.21

0.26

0.33

PH

0.20

0.26

0.19

0.33

0.20

0.26

PO

0.07

0.13

0.06

0.l3

0.22

0.41

PL

0.07

0.10

0.07

0.30

0.l3

0.22

PH

0.16

0.l6. .0.l2

0.42

0,32. 0.16_

Sx

0.016

0.052

LSD (0.05)

0.03

0,09

50

100

At inoculum level DSI 100, at four weeks, PH application
increased yield by 129% while PL did not differ significantly
from the nil treatment.

On the other hand, only ML was effect-

ive, increasing yield by 86%.

At eight weeks, pyroxyfur

increased yield with increased rates although root accumulations
in PL and PH treated plants did not differ significantly.

A

similar trend was observed with metalaxyl with yield increased
by increased rates

(70% with ML and 223% with MH) .

Throughout
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plant growth there was no indication of beneficial usage
of fungicide combinations as compared with the fungicides
alone.

c)

Top and Total Dry Matter
The top and total dry matter responses to the effect

of pyroxyfur and metalaxyl seed treatments at two inoculum
levels DSI 50 and 100 followed a similar pattern to that of the
responses of root dry matter at four weeks (Table 5.4 and
Appen<L~

4 to 7).

However, at eight weeks, the responses of

the top anc total dry matter to pyroxyfur treatment differed
from that of root dry matter, for there were no significant
differences between either rate of pyroxyfur and the nil
treatments.

Consequently, there were no significant inter-

actions between inoculum levels and pyroxyfur on top and
total dry matter as occurred in the root dry matter.

Trial Two

The effects of pyroxyfur and hymexazol on

the severity of aphanomyces root rot with two soil inoculum
levels and on the dry matter yield of pea plants at four weeks
and. eight weeks are shown in Table 5. 7 .

a)

Disease Severity Index
There was a highly significant difference (P

=

0.01) in

disease severity between inoculum levels both at four weeks
and eight weeks.

with soil of DSI 50, disease severity

increased from DSI 2.8% to 47.6% throughout the growth period
while with soil of DSI 100, the increase was from 30.4% to
52.3%.
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Table 5.7:

Effects of pyroxyfur and hymexazol seed treatments on severity
of aphanomyces root rot as shown by OSI and dry matter yield of
pea plants at four and eight weeks after sowing at two soil
inoculum levels.
The pea cultivar Canterbury 39 was used.
8 weeks

4 weeks
Treatments

OSI

Ory matter yield
(g/plant)

%

2.8
30.4
0.57

PO
PL
PH
Sx

20.8
15.4
13.6
0.70

Pyroxyfur

Hymexazol

**

**

0.12
0.17
0.17
0.004

0.26
0.31
0.32
0.005

0.38
0.48
0.49
0.007

**L

**L

**L

7.0
0.70

0.11
0.16
0.18
0.004

0.26
0.30
0.32
0.005

0.38
0.46
0.50
0.007

**L

**L

**L

**L

29.2

HL

13.6

HH
Sx

Significance
Interactions:
I X pa
I X Ha
a
P XH
I X P X lib
CV%

a All of these data
graphs.
b

**

HO

Root

Total

0.52
0.37
0.006

**L

.Significance

Top

0.18 0.34
0.12 0.25
0.003 0.004

**

Ory matter yield
(g/plant)

%

Root
Inoculum level
(I)
50
100
Sx
Significance

OSI

Top

Total

0.26
0.28
0.012
NS

0.40
0.48
0.015

0.66
0.76
0.020

**

**

0.44
0.45
0.43
0.019
NS

0.70

**L

0.26
0.26
0.29
0.014
NS

54.7
49.0
46.2
1.39

0.25
0.30
0.25
0.014

0.40
0.46
0.45
0.019

0.65

*L

*L

**Q

**Q

*

NS
NS
NS

NS

NS

NS

*

*

47.6
52.3
1.14

**
54.3
49.6
46.8
1.39

*

*

**

**
**
NS

**
**
**

*
**
**

*
*
**
**

NS
**
NS

17.8

11.8

7.2

7.2

11.8

22.2

**

18.3

0.71
0.72

0.024
NS
0.77
0.71

0.024

*

NS

*
14.5

with significant interactions are presented later in

All of these data with significant interactions are presented later in
tables.
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There was a linear response with increase rates of
pyroxyfur and hymexazol with the results being highly signifiHymexazol was more effective than pyroxyfur at four

cant.

weeks, but at eight weeks both treatments did not show any
differences with their low and high rates.

Interactions between inoculum levels and pyroxyfur
were shown to be significant (p

=

0.05) throughout the growth

period while the interactions between inoculum level and
hymexazol only occurred at four weeks at a highly significant
level (P

=

0.01).

This is illustrated in Figure 5.8.

Severity in the nil treatment increased from 8.3% at four
weeks to 52% at eight weeks in soil inoculum DSI 50 and from
33% to 55% in DSI 100.

At four weeks, complete control of

disease development was obtained by all fungicide treatments
in DSI 50.

In DSI 100, both pyroxyfur and hymexazol reduced

disease severity with increased rates.

However, PL applicat-

ion was not significantly different from nil treatment and
PH, while PH significantly reduced severity by 18% compared
to nil treatment.

In the hymexazol treatments, only HH was

effective in reducing severity.
its effectiveness, resulting in

At eight weeks, PH continued
sev~rity

than PL and nil treatments in DSI 50.

significantly less
There were no signifi-

cant differences in severity in DSI 100 with PL showing a
better effect than PH.

The pyroxyfur and hymexazol interaction was highly significant (P = 0.01) as shown in Figure 5.9.

At four weeks,

pyroxyfur reduced severity by 50% as, both rates.

Hymexazol
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Figure 5.8: Interaction between a) pyroxyful or b)
hymexazol and two soil inoculum levels DSI 50
and DSI 100 on severity of aphanomyces root
rot of pea cultivar Canterbury 39 at 4 weeks
and 8 weeks after sowing.
(Mean data derived
from results of 3 rates of each fungicide.)
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Interaction bet!ween pyroxyfur (P) and
hymexazol (H) at three rates on severity
of aphanomyces root rot of pea cultivar
Canterbury 39 at a) 4 weeks and b) 8
weeks of growth. Overall means of data
derived from DSI 50 and DSI 100.
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was more effective compared to pyroxyfur reducing severity by
70% and 87% with HL and HH respectively.

Severity observed

in treatment combinations did not differ statistically from
HL or HH.

At eight weeks, both rates of both fungicides

were equally effective as the severity was not significantly
different.

Treatment combinations also did not differ

statistically from each fungicide application on its own.

With respect to disease severity, there were no significant interactions among the three main factors.

b)

Root Dry Matoter
At four weeks, root dry matter yield was affected by

the inoculum level with a 50% difference between DSI 50 and
DSI 100.

This difference was no longer present at eight

weeks.

At four weeks, there was a linear response to pyroxyfur
with increased rates at a highly significant level (P
Both rates increased yield by 42%.

= 0.01).

At eight weeks, there was

no significant difference between the two treatments.

The response to hymexazol was linear (highly significant
at P

=

0.01) at four weeks with a 45% and 64% increase in root

accumulation in plants treated with HL and HH respectively.
At eight weeks, the trend was changed to a quadtatic response
(significant at P
20%.

= 0.05) with only HL increasing yield by
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Interactions between inoculum and fungicides on root
dry matter occurred at four weeks as shown in Figure 5.10.
At both inoculum levels, both rates of pyroxyfur were equally
effective as there was no significant difference between root
matter yield.

. However, higher yield was obtained in soil

inoculum level DSI 50 (43% increase with both rates of
pyroxyfur over nil treatment).

In soil inoculum level DSI 100,

plants treated with PL and PH increased root accumulation by

40% and 30% respectively.

In the case of hymexazol treat-

ments, both rates were equally effective in DSI 50 although
higher yield was obtained in the HL application (43%) than HH

(36%).

In DSI 100, a linear response with increased rates

was observed with 33% in the HL application and 78% in the HH
application.

Root accumulation was affected by an interaction
between pyroxyfur and hymexazol occurring at four weeks, and
this is shown in Figure 5.11.

The low rates of pyroxyfur and

hymexazol did not differ significantly in yield as compared
with nil treatment.

However, the high rates of these two

fungicides proved to be equally effective, both increasing
yield by 60%.

Fungicide combinations of PL + HL increased

the effectiveness of the fungicide in the absence of the
other by 100%, while the other three combinations did not
show any beneficial effect.

The effect of the three main factors interaction on root
dry matter yield, shown in Table 5.8, was significantly higher
(p

= 0.01)

at four weeks than at eight weeks (P

= 0.05).
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Interaction between pyroxyfur (a) or hymexazol
(b) and soil inoculum levels DSI 50 and DSI 100
on total dry matter (--) and root dry matter
(---) of pea cuI ti var Canterbury 39 at 4 weeks
and 8 weeks after sowing.
(Mean data derived
from 3 rates of each fungicide.)

dry matter is the difference between total dry matter
and root matter.
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Figure 5.11: Interaction of pyroxyfur {P} and hymexazol
{H} at three rates on dry matter yield
{total dry matter- and root dry matter
---} of pea cultivar Canterbury 39 at
4 weeks after sowing.
Hean data derived
from DSI 50 and DSI 100.

*TOP dry matter is the difference between total dry matter
and root dry matter.
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Table 5.8:

Effects and interactions of pyroxyfur and hymexazol
seed treatments at two soil inoculums on root dry
matter of pea cultivar Canterbury 39 affected by
aphanomyces root rot at four weeks and eight weeks
of growth (g/plant).
8 weeks

.4 weeks
Soil inoculum
(DSI)

50

100

Pyroxyfur
(rate)

Hymexazo1 (rate)

Hymexazol (rate)

HO

HL

HH

HO

HL

HH

PO

0.10

0.13

0.20

0.24

0.21

0.26

PL

0.20

0.17

0.15

0.46

0.33:: 0.19

PH

0,21 .0.2l

0.22

0.22

0.31

0.24

PO

0.07

0.09

0.11

0.13

0.30

0.42

PL

0.07

0.16

0.13

0.22

0.15

0.22

PH

0.l6

0.16

0.16

0.41

0.32

0.16

Sx
LSD (0.05)

0.018
0.03

0.060
0.10

At four weeks with soil inoculum DSI 50, both rates of
pyroxyfur yielded 100% over nil treatment.

Treatment HL

increased yield by 30% while HH was similarly effective to
pyroxyfur application.

None of the fungicide combinations
with soil

improved the effectiveness of pyroxyfur alone.

of DSI 100, yield increases occurred only with the higher
rates of fungicide, 129% with PH and 57% with HH.

However,

the effectivness of the low rate treatments were improved
when they were used as a mixture PL + HL increasing yield by 129%
equally effective to the higher rate of pyroxyfur.

At eight weeks, with DSI 50, the only significant
increase in yield was with PL treated plants.

The effective-

ness of this treatment was considerably reduced when combined
with HL by 28% and HH by 59%.

On the other hand, the PH +

HL mixture increased the effectiveness of the fungicide in the
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- With soil

the absence of the other by approximately 44%.

of DSI lQO, yield was increased with increased rate of both
fungicides.

PL and HL applications showed an increase of

69% and 130% in root accumulation, while the high rates of
both fungicides_ resulted in similar increase of 219%.
Fungicide combinations significantly reduced the effectiveness
of fungicide in the absence of the other at any rate.

c1

Top and Total- Dry' Ma-tter
At four weeks, a trend similar to that of root dry

matter was observed on top and total dry matter responses to
the effect of pyroxyfur and hymexazol treatments at two
inoculum levels (Table 5.7 and Append. 8 to 9).

However, at

eight weeks, the responses of the top and total dry matter
to inoculum levels was highly significant and different from
the non-significant response in root dry matter.

There were

significant interactions between inoculum levels and
hymexazol (I X H) treatment effects on top and total dry
matter, but no interaction occurred between inoculum levels
and pyroxyfur (I X P) .

Discussion
Root rot severity as measured by the dry matter yield
of pea plants grown from treated seed showed that Aphanomyoes

euteiohes was suppressed to varying degrees by pyroxyfur,
metalaxyl and hymexazol in glasshouse trials.

At four

weeks of growth, significant. control was obtained by all the
fungicides with significant increases in yield over nil
treated plants.

However, at eight weeks of growth, the
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effectiveness was reduced to a non-significant level in the
metalaxyl treatment as shown by disease severity and root
and top dry matter yield.

The significance in the disease

severity with either pyroxyfur or hymexazol was less at
eight weeks as compared with four weeks, and hence there
was no difference in dry matter between pyroxyfur and nil
treated plants.

Similar findings by Papavizas and Lewis

(unpublished data reported by Papavizas and Ayers

1974)

were also reported that in their fungicide trial, considerable
protection of peas was afforded for up to four weeks after
sowing.

Jermyn et aZ.

(1982) reported that fungicidal

effect on root rot in their field trials occurred while
plants were in the pre-flowering stage (12-15 nodes), but the
effect did not persist.

Aphanomyces euteiches attacks

host plants over a period of time (Pfleger et aZ.

1976) and

for this reason, seed treatment might not be expected to be
very successful against the pathogen when roots could quickly
grow away from the area of fungicidal influence.

However,

the action of seed treatments was shown to retard root infection by the pathogen.

The speculation that any delay of root

infection would enhance seedling vigor over seedlings under
immediate disease stress, increased seedling vigor might make
roots more tolerant for the pathogen when they grew out of
the fungicidal zone (Grau and Reiling

1977).

The delayed

onset of severe root rot would therefore result in less
apparent root rot at any point in time and thus higher yield
obtained.
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Determination of chemical rate was important.

Rate

should be regulated to avoid phytotoxicity such as observed
for pyroxyfur at 3 g a.i./kg seed.
reduced but so was yield.
and hymexazol

g~ve

Root severity was

On the other hand, metalaxyl

better controls when rates were doubled

to those used by Jermyn et at.

(1982).

Fungicide combinations gave inconsistent effect on
disease severity as indicated by dry matter yield.

In

general, they did not show any increase in efficacy of increasing yield over each fungicide in the absence of the other.

Farmers have been advised to avoid planting peas in soil
with DSI greater than 70, whereas they were advised that soils
with DSI between 50 and 70 were potentially risky (Sherwood
and Hagedorn

1958).

The results here have shown that

chemical treatments in plants to be sown in the lower index
range of soil could result in beneficial economic yield, while
the fungicides were not effective in DSI 100 soil.

Experiment Two:

The effect of three fungicide seed treatments
on disease development at two inoculum levels
over a period of 12 weeks.

Introduction - The glasshouse experiment was conducted to
investigate the persistence of the three seed treatment
chemicals, pyroxyfur, metalaxyl and hymexazol, on disease
development over a period of 12 weeks at two soil inoculum
levels.
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Materials and Method - The four seed treatments consisted
of pyroxyfur (3.0 g a.i./kg seed), metalaxyl (6.0 g a.i./kg
seed), hymexazol (10 g a.i./kg seed) and untreated seed.
Two soil inoculum levels were used and the experiment was
arranged in a 4 x 2 factorial complete randomized design
replicated 4 times.
One, were used.

Similar soils, as defined in Experiment

Five treated seeds (fungicides were applied

as described in Experiment One) were sown per pot (150 rom
diameter x 200 rom deep) on 29 November, 1982 and 16 pots
Each pot was

were prepared for each soil inoculum level.

isolated in individual plastic trays to prevent inoculum
moving from one pot to the next.

The pots were rotated every

other day so that each received a similar temperature and
o

0

light regime in the glasshouse maintained between 24 -28 '.
Soil moisture was kept at -3 millibars throughout the experimente

At 12 weeks after sowing, the plants were harvested

(7 February, 1983) for'disease assessment and dry matter yield
of roots, tops and pods.

Results - The results of the experiment are presented in
Table 5.9.
a)

Disease Severity Indices (DSI) ,
As expected, there was a highly significant (P

difference between the two soil levels.
treatments were significantly different (P

=

0.01)

All fungicide

=

0.01) from

untreated, and the hymexazol also was significantly different
from the pyroxyfur and metalaxyl.

Interaction between

inoculum levels and fungicides arose mainly because of the
significant differences in disease severity between treatments
in DSI 50 but not in DSI 100 (Table 5.9).

All treatments

Table 5.9:

Effect of seed treatments on disease development at two soil inoculum levels of Aphanomyces
as shown by DSI and dry matter yieid of peas cultl.var canterbui-y"39 at 12 weeks of growth.
Disease Severity
Index (DSI)

Treatments

Inoculum level

DSI ( 50)
DSI (100)
Sx

67.8
96.6
2.56

Significance
Fungicide Fl (untreated)
F2 (pyroxyfur)
F3 (metalaxyl)
F4 (hymexa~ol)
Sx
Significance

93.3
80.8
81.9
73.0
3.62

**

Interactions:
Inoculum level X Fungicide
DSI 50
Sl
Fl 86.6
F2 73.4
F3 63.8
F4 47.5
Sx
LSD (0.05)
CV%

**

5.13
15.0
12.5

Dry matter.yield (g/piant)
Root

Top

Pod

Total

0.24
0.12
0.021

0.57
0.49
0.048
NS

0.43
0.43
0.043
NS

1.24
1.04
0.100
NS

0.13
0.18
0.19
0.22
0.030
NS

0.43
0.51
0.72
0.46
0.068

0.35
0.50
0.52
0.34
0.067
NS

0.92
1.19 "
1.43
1.02
0.141
NS

NS

NS

**

**

euteiches

*

DSI 100
S2
100.0
88.1
100.0
98.5

*
Fl
F2
F3
F4

47.1

36.2

Sl
0.26
0.42
0.69
0.34
0.095
0.28
44.2

*
S2
0.45
0.59
0.40
0.33

Fl
F2
F3
F4

Sl
S2
0.80
1.04
1.15
1.24
1.89
0.97
1.10
0.93
0.199
0.58
" 35.0
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reduced disease severity in DSI 50 but only metalaxyl and
hymexazol were significantly different from nil treatment.
There were no significant differences between pyroxyfur and
metalaxyl treatments and both differed significantly from
hymexazol.
b)

Root Dry Matter
Root dry matter yield (Table 5.9) was twice as much in

DSI 50 than in DSI 100 (highly significant at P

=

0.01) .

Although yield was increased by fungicide treatment (38%,
46% and 69%. with pyroxyfur, metalaxyl and hymexazol applications respectively) the difference between all treatments
There was no sig-

including untreated were not significant.

nificant interaction between the two main factors on root dry
matter.
c)

Top Dry Matter
There was no significant difference in top dry matter

yield between the two inoculum levels.
can.t response (P

=

There was a signifi-

0.05) to fungicide treatments.

Metalaxyl

was the only treatment that significantly increased yield by
67% over nil treatment, but it was not significantly different
from pyroxyfur and hymexazol treatments which increased yield
by 19% and 7% respectively.

The interaction between inoculum

levels and fungicides on top dry matter was not significant.
d}

Pod Dry Matter
Similar pod dry matter yields were obtained in the two

inoculum levels.

The response to fungicide treatments was

not significant although pyroxyfur and metalaxyl applications
increased yield by 42% and 48% respectively.

There was a
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slight reduction of 3% in yield in the hymexazol treatment.
A significant interaction (p

=

0.05) between inoculum levels

and fungicides on pod dry matter yield was obtained.

The

increase in yield by metalaxyl in the overall fungicide
treatment was due to the significant increase of 165% in the
metalaxyl treated plants in DSI 50.

However, this increase

did not differ statistically from yield obtained in the
pyroxyfur treatment (62%).
than nil treatment.

Hymexazol only yielded 31% more

In DSI 100, yields obtained were not

significantly different from each other.
e)

Total Dry Matter
The differences in total dry matter yield were not sig-

nificant between the two inoculum levels although there was
18% more dry matter in DSI 50 than in DSI 100.
response to fungicides was also not significant.

The
However,

all treatments increased yield with metalaxyl producing the
highest yield followed by pyroxyfur and hymexazol (55%, 29%
and 10% respectively).

The interaction between inoculum

levels and fungicides was similar to that shown by pod dry
matter yield.

In DSI 50, soil metalaxyl application resulted

in a significant difference in yield from all other treatments
(136% increase over nil treatmentl.·

In DSI 100, yield dif-

ferences were not significant from each other.

Discussion - The results in Table 5.9 confirmed the unsuccessful control by seed treatments of pyroxyfur, metalaxyl and
hymexazol at high inoculum levels of Aphanomyces euteiches
CDSI 100) due to their non-persistence effect against the
pathogen reported in Experiment One (Section 5.3.2) and field
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trial conducted by Jermyn et aZ.

(1982).

However, with soil

of DSI 50, there was a reduced DSI and significant differences
in pod and total yields among treatments with metalaxyl being
significantly different.

The hymexazol treatment, although

reducing the DSI, also caused a reduction in dry matter yield
and this is likely to be due to phytotoxicity-effect on the
treated

p~ants.

Two factors that have to be considered in comparing
results from the glasshouse trials and field trials (Jermyn
et

at.

1982) are:

first of all, the rates of fungicides used

were twice as high in the glasshouse trials as in the field
trials;
ditions.

secondly, there is the relevant environmental conIn the glasshouse, conditions were conducive to

aphanomyces root rot development whereas in the field, the
condition during the trial was dry and not favourable to
disease development.

Thus, fUrther research should study

the factors and conditions required for a specific chemicalplant disease interaction to be expressed.

Experiment" Three:

Effect of pyroxyfur seed treatment at two
soil temperatures and three soil water
potentials.

Introduction - Results from experiments on the effects of
soil temperature and water potential on disease development
of aphanomyces root rot (Chapter Three) showed that growth of
pea plants was not only affected by colder temperatures and
drier conditions, but also by root rot infection at warmer
temperatures and wetter conditions.

Field trials by Jermyn
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et al.

(1982) showed that none of the chemicals at the rates

tested provided effective control of the disease in a season
of dry conditions generally not conducive to the development
Previous experiments in this chapter

of the disease.

showed that eff.ective control by pyroxyfur, metalaxyl and
hymexazol occurred during early growth of plants but not at
later growth stages.

However, these experiments were in con-

ditions conducive to the development of aphanomyces root rot.

The objective of this experiment was to investigate the
effect of pyroxyfur seed treatment on aphanomyces root rot of
peas at two soil temperatures and three soil water potentials
in Wisconsin soil temperature tanks in the glasshouse maintained at 24-28

0

•

Materia-los and Method - The pot trial was a 2 x 2 x 3 split
plot design with temperatures l20

0

,

24

0

)

as the main plots

arranged in a complete randomised block design and replicated
four times.

The subplots were two seed treatments (nil and

treatedl and three water potential levels (-200

millibars,

-28 millibars and -3 millibars) replicated 8 times within each
main plot.

This experiment was conducted with DSI 100 soil.

The trial was similar to that described in section 3.3.3.
Four untreated (captan) seeds or seeds treated with pyroxyfur
at 3.0 g a.i./kg seeds were sown per pot on 11 May, 1983.
Each pot was watered daily according to weight loss to maintain
the required water potential levels.
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The plants were harvested and assessed every two weeks
(two replicates of each treatment within a main plot) for
disease severity and dry matter yields of roots and tops over
a period of 8 weeks.

The final harvest was on 21 June, 1983.

Results
a)

Disease Severity
There was no significant difference in disease severity

between the two soil temperatures throughout plant growth
(Figure 5.l4a).

The rate of increase followed a similar

trend although disease was more severe at 24 0 than at 20

0

•

Although disease severity was reduced by pyroxyfur seed
treatment (Figure 5.l2b), the only significant effect was at
6 weeks of growth where an 18% reduction occurred.

The response of disease severity to increasing water
potentials was highly significant (p
weeks of growth.

=

0.01) throughout the 8

In general, an increase in water potential

resulted in an increase in disease severity (Figure 5.l2c).
At two weeks, there were significant differences between the
water potential effects.

However, 'as growth progressed, a

significant difference was no longer observed between disease
severity at -28 and -3 millibars and the rate of increase in
both conditions was rapid.

In water potential -200 millibars,

disease severity was low and did not increase significantly
throughout growth.
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a) Effect of temperature on disease severity
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c) Effect of water potential on disease severity
(highly significant at P = 0.01 throughout growth)
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Figure 5.12:

The overall effect of a) soil temperature
(20 0 and 24 0 ), b) pyroxyfur seed treatment
and c) water potential levels (-200, -28 and
-3 millibars) on severity of aphanomyces
root rot of pea cultivar Canterbury 39 over
8 weeks of plant growth.
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There were no significant interactions between temperature, soil moisture level and seed treatments on disease
Hence the results are presented as the overall

severity.
effects.
b)

Dry Matter Yield
The overall effect of temperature on dry matter yield

is shown in Figure S.13a.

Root dry matter yield did not

differ statistically between the two temperatures throughout
plant growth.

The effect of disease started to show from

four weeks onwards when plants were accumulating less root
matter at 24

o than at 20 0

(34% and 26% less at 6 and 8 weeks

respectively) .

Similarly, differences in total dry matter yield between
the two soil temperatures was not evident until after four
weeks of growth.

However, a significant difference was not

observed until 8 weeks when yield obtained was 27% more at
20

0

than 24

0

(significant at P =0.05) .

The difference between total dry matter and root dry
matter in Figure S.13a is the top dry matter, which followed
a similar pattern to that of total dry matter.

At 8 weeks,

the difference between the two temperatures was 30% more at
20 0 than 24

0

(significant at P = 0.05).

The effect of pyroxyfur seed treatment is shown in
Figure S.13b.

Root dry matter accumulation in pyroxyfur

treated plants only differed significantly from nil treated

18.4
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c) Effect of water potentials on dry matter yield .
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o
The overall effect of a) temperature (20 ,
0
24 ); b) pyroxyfur seed treatment; and c)
water potential levels (-200, -28 and -3
millibars) on severity of aphanomyces root
rot as shown by dry matter yield of pea
cultivar Canterbury 39 over a period of 8
weeks of plant growth.
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I.

plants (39% higher in yield) at 6 weeks.

However, treated

plants generally yielded more than the nil treated plants.

At two weeks, the effect of treatment on total dry
matter resulted in a highly significant (P
in yield (49%).

=

0.01) increase

At four weeks, there was no significant

difference between treated and non-treated plants.
significance (P

=

However,

0.05) was observed at 6 weeks where there

was a 23% increase in total dry matter accumulation by the
treated plants.

At final harvest, yield was not statistically

different from nil treatment even though there was 66% more
dry matter from the pyroxyfur treatment.

At two weeks, top dry matter yield (the difference
between total and root dry matter in Figure 5.13b) was significantly more, 44% in the treated plants than the nil
treated plants.

But this significance in differences was

not observed either at four weeks or six weeks, even though
a higher yield of 16% was obtained from treated plants.
However, at 8 weeks, pyroxyfur effectively resulted in a
significant 78% (P

=

0.05) higher top matter yield.

Figure 5.13c shows the effect of soil water potentials
on dry matter yield.

The overall differences in root yield

at two weeks (significant at P

=

0.05) increased from four

weeks onwards (highly significant at P

=

0.01).

At ,two

weeks, similar root dry matter yields were obtained at -200
millibars and -28 millibars and these differed significantly
(171%) from that at -3 millibars.

At -200 millibars, root

187

dry matter yield continued to increase as growth progressed.
However, at -28 and -3

mi~libars,

after a further yield

increase at four weeks, root accumulation decreased as
disease started to have an effect.

At the same time, yield

between -200 and -28 millibars was observed to differ significantly at an increasing rate as growth progressed.

Top dry matter accumulations, at two weeks, did not
show any significant differences in response to the three
water potential levels.
cantly (P
cant (P

=

=

At four weeks, yield was signifi-

0.05) different and by six weeks, highly signifi-

0.01) between the levels of soil water potentials

with top matter accumulation increasing as growth progressed
at -200 millibars.

This trend was observed at -28 and -3

millibars only up to six weeks where decrease in yield was
obtained at 8 weeks.

Response of total dry matter yields to water potential
followed a similar pattern to top dry matter yield.

The only significant interaction on dry matter yield
occurred between temperature and water potential levels at
four weeks (Figure 5.l4).

o .

At 20 ; there was no significant

difference in the yield in root, top and total dry matter in
o

response to water potential levels.

At 24 , root dry matter

yield at -28 and -3 millibars did not differ statistically
but both were significantly different from yield obtained at
-200 millibars (+ 180% and +186% respectively).
matter yield at -28 millibars at 20

0

Total- dry
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Interaction between temperatures and water
potentials on dry matter weight of pea
cultivar Canterbury 39 affected by
aphanomyces root rot.
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ally from either yield at -200 millibars or -3 millibars but
a significant increase of 267% was obtained at -200 millibars over -3 millibars in yield at 24

0

•

Top dry matt~r

response followed a similar pattern to that of root dry
matter.

Discussion - Except at six weeks, seed treatment by pyroxyfur
did not reduce the overall disease severity significantly
(Figure 5.l2b). However, although disease severity was reduced,
1this effect was not always accompanied by significant
increases in pea yield as shown in Figure 5.13.

The signifi-

cant differences in disease severity, as shown by dry matter
yield, in the water regimes were mainly due to the pathogen's
response to the availability of water for rooti rot infection
and development as reported in section 3.0.

The potential in using chemical seed treatment against
aphanomyces root rot will be limited in soil with a high
inoculum level.

A similar conclusion was also drawn by

Papavizas and Ayers (1974) and Jermyn et at.

(1982).

The

faster growth rate of the plant roots, under wetter conditions
(Section 3.0), would result in a faster rate of root growth out
of the fungicide zone (Experiment One in Section 5.3.2 and
Pfleger et at.

1976).

On the other hand, in dry and warm

conditions, not favourable to this pathogen, disease severity
was not sufficient to reduce yield significantly and to warrant
chemical seed treatment.
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5.3.3

Glasshouse Studies on the Effect of Cruciferous
Amendments on Infes ted S·oil by Aphanomyces

euteiches
Introduction - The effect of chemical seed
treatments was evident until about six weeks after sowing,
but the effect did not persist at later growth stages (Section 5.3.2).

These results confirmed the extensive chemical

testing against this disease in the united States (Papavizas
and Ayers

1974) and the report of Jermyn et az'. (1982).

Without resistant cultivars or effective chemicals, avoidance appears to be the only reliable method of control.

Earlier work by Lewis and Papavizas (1971) and
Papavizas and Lewis (1971) showed that adding several cruciferous amendments to infested soil was effective against
aphanomyces root rot of peas.

The cruciferous crops were

believed to act on the pathogen because of their high levels
of volatile organic sulphur compounds (Lewis and Papavizas .
1970) .

In this section, the objective was to conduct a
series of experiments in which

cruc~ferous

crops were grown

or incorporated in infested soils and then to monitor the
level of pathogen in the soil and the severity of the disease
in subsequent pea plants.
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Experiment One:

Effect of growing non-host and host plants
on the Disease Severity Index (DSI) of
soil infested with Aphanomyces euteiches

Introduction - A preliminary glasshouse trial studied the
effect of non-host and host plants on the DSI of soil infested
with Aphanomyces euteiches.

Materials and Method - Three Templeton silt loam soils and
two Barrhillsandy loam soils, naturally infe~ted with Aphano-

myces euteiches, were collected from fields in Canterbury in
May, 1981 (soil description in Table 2.1 in Chapter 2).

The

DSI, inoculum density and previous four crops grown in each
soil before sampling are given in Table 5.10.

The experiment was a complete randomised design consisting of five treatments replicated six times.

The treatments

consisted of growing four plant species over a period of four
months in each soil sample:

pea (pea cultivar Canterbury 39);

TrifoZium repens (white clover cultivar Huia)

Triticum

j

aestivum (whe°a.t cultivar Rongotea) and Brassica napus (Wairangi
rape) .

The fifth treatment was soil not sown with plants.
One hundred and fifty plastic pots (150 rom diameter and 200 rom
deep) were prepared and equally spaced on
benches.

the glasshouse

The pots were watered daily to keep the soil moist

and glasshouse temperature was maintained at 24

0

-

28 0

•

At

the end of four months, the plants were removed from the soil.
The soil was tested for DSI based on Section 2.3.2.

Table 5.10:

Disease severity indices and inoculum densities of three Templeton silt loam soils and two Barrhill
sandy loam soils naturally infested with Aphanomyces euteiches obtained from Canterbury in May, 1981.
Previous four crops grown in each field before sampling and number of years since last pea crop
are indicated.

Soil sample
(DSI)

(Previous :four crops

Inoculum density
(no. of oospores
per 100 g soil)

1977

.1978

1979

1980

Number of
years since
last pea crop

Templeton silt loam
Soil 1 (100)
Soil 2 (80)

751
441

(70)

Soil 3

186

Ryegrass
Ryegrass/
white clover
White clover

79
581

Wheat
.Wheat

White clover
White clover

Peas
Wheat

2

Wheat

Wheat
Pea/white
clover
Pea

1

Barley

2

Pea
Pea

White clover
White clover

Wheat
Wheat

3
3

Barrhill sandy loam
Soil 4
Soil 5

(60)
(90)
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Results - Table 5.11 shows the result of the trial.

Table 5.11:

Effect of non-host and host plants grown in soil
infested with Aphanomyces euteiches for four months
on subsequent Disease Severity Indices (DSI) of pea
root" rot.
Disease Severity Index*

Treatment
Soil 1

Soil 2

Soil 3

Soil 4

Soil 5

No plants

100 a

81 b

72b

58 b

96 a

Pea

100 a

98 a

94 b

100 a

White clover

100 a

82 b

76 b

54 b

97 a

Wheat

100 a

82 b

72b

50 b

100 a

Rape

100 a

56 c

53 c

27 c

93 a

100

Sx

0.4

3.6

1.4

1.6

1.6

CV %

0.6

7.9

3.3

4.8

2.8

*Means

followed by the same letter do not differ significantly (P
using Duncan's Multiple Test.

0.05)

There were no treatment effects using Soil 1 with an inoculum
level OSI 100.

Similarly, in SoilS (OSI 96), there were no

significant differences in OSI after treatments.

Significant

reductions in OSI were obtained in soil with inoculum levels
OSI 81 and lower, grown previously with rape (30%, 26% and 53%
reduction in Soils 2, 3 and 4 respectively).

Growing of pea

plants significantly increased OSI ~o a dangerous level in
those samples.

Soil grown with white clover and wheat did

not change the OSI.
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Discussion - Results in Table 5."11 showed that the amount of
infestions of soil by Aphanomyces eut(ei«"'!hes was correlated
with the crop grown previously and that repeated cropping
with peas would increase the DSI to a high level.
findings were also reported by Reiling et

These

at. (1960) who

concluded that the direct relationship between the number of
pea crops grown and root rot severity was one of the most
widely recognised characteristic of the disease.

Importance

of other crops in the cropping sequence was also emphasized.
DSI would not be expected to decrease after a crop of white
clover as it had been proved to act as alternate host
(Chapter 4) and similarly after wheat which was also reported
as host (Papavizas and Ayers

1974).

Development of new

oospores in alternate hosts would not be abundant (Sherwood
and Hagedorn

1962) but release of oospores in the soil

matrix during the decomposition of the infected tissue might
not only increase inoculum density but maintain it.

Of particular interest was the effectiveness of rape to
suppress root rot development in soil of DSI below 80.
Soil with DSI 50 or between 70-80 could be reduced to a
level of no risk by one or two subsequent plantings of rape
respectively.

The potential of using brassica species as

amendment to the soil was also investigated by Papavizas
(1967), Davey and Papavizas (1961) and Papavizas and Lewis
(1970).

However, additional information was needed to monitor

the level of inoculum in soil after brassica amendments to the
soil.
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Experiment Two:

Effect of cruciferous amendments on

Aphanomyces euteiches
Introduction - The glasshouse trial was conducted to investigate the effect of cruciferous amendments by incorporating
leaves and sterns of five Brassica crops in infested soil on
oospore populations and the subsequent DSI.

Materials and Method - The trial was a 3 x 6 x 2 factorial
in a complete randomised block design replicated four times.
Three soil inoculum levels (DSI 50, 75 and 100) of a Barrhill
sandy loam (soil description and cropping history described in
Section 3.3.2) obtained from Rakaia, Canterbury on 30 September, 1982 were used.

Each plastic pot (170 rom x 170 rom

square x 180 rom deep) was filled with an equivalent of 4.05
kg of oven-dried soil.

One hundred and forty-four pots

were prepared.

The following Brassica species were used as amendments:

Brassica oleraceae- kale cultivar Kapeti,
Brassica oleraceae - cabbage cultivar Succession,
Raphano-brassica
Sinap1-s alba'"

- fodder raddish cultivar Neris,

- mustard cultivar ,:mustard

Brassica napus - rape cultivar Wairangi.
Four-months-old plants grown in

~he

field were harvested

(from 9 December, 1982 to 31 March, 1983).

The plant mater-

ials, consisting of matured leaves and sterns, were
for one week and then chopped up finely.

air~dried

The amount (based

on oven-dried weight) of plant materials incorporated was
0.5% of the dry weight of soil on 11 April, 1983.

A non-
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amended soil treatment was set up as control.

Soil moisture

was maintained at -28 millibars during the three or six
weeks period of decomposition at glasshouse temperatures
o

of 24-28 .

At the end of each time length specified (2

May, 1983 and 23 May, 1983 respectively), soil from each pot
was mixed thoroughly and transferred to a plastic pot (150
rom diameter and 200 rom deep) to be tested for DSI based on
Section 2.3.2.

The soil was also collected for oospore count

with materials and method based on Section 2.3.3.

The soil

pH of each of the six treatments was recorded twice using
PHM 62 standard pH meter (Nicholas, Watson Victor Ltd) .
The pH was not affected by any of the treatments.

'Resu'lts - The effects of cruciferous amendments in Aphanomyces infe'sted soil at three inoculum levels in subsequent

disease severity and inoculum density after three weeks and
six weeks of incorporation are shown in Table 5.12.
a)

Disease Severity Indices (DSI)
There was a highly significant difference '(P

= 0.01)

between the DSI of soil with amendments added three weeks and
six weeks before sowing.

The overall DSI was 23% lower

after six weeks than three weeks of amendments.

The overall DSI between inoculum levels remained
highly significantly different (P

=

0.01) after treatments.

All brassica amendments tested gave a considerable
overall reduction of DSI (highly significant at P

=

0.01).

The cabbage treatment was rated as the most 'effective, sup-
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Table 5.12:

Effect of cruciferous amendments -in Aphanomyces euteiches
infested soil at three inoculum levels of Barrhill sandy
loam on disease severity and oospore population after three
weeks and six weeks of incorporation.
Inoculum densities
at D~I 100, 75 and 50 were 783, 219 and 77 oospores per
100 g soil respectively.
Disease Severity Index
(DSI)

Main factors
Weeks (wk)

3
6

Sx
Significance
Inoculum level (IL)
(DSI)
50
75
100
Sx
Signif:i,cance

No. of oospores per
100 g of soil

61.1
47.2
1.35

194
142
6.9

**

**

35.7
54.9
71.9
1.65

5.2
121
330
8.4

**

**

Incorporated
- material (IM)

Nil
Cabbage
Kale
Rape
Fodder radish
Mustard
Sx
Significance
Significant
interactions
WI< X 1Lb
WI< X IMb
IL X IMb
WK X IL X IB

75.5
38.0 (50)a
65.7 (13)
47.5 (37)
46.9 ( 38)
51.4 (32)
2.33

**

**

*

**

**

*

CV%

347
82 (76)a
248 (29)
95 (73)
119 (66)
115 (67)
11.9

NS
21.1

*
**

NS
30.0

a per cent reductions from nil treatment.
bAll data with significant interactions are presented in graphs.
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pressing DSI by 50%.

Rape, fodder radish and mustard

amendments proved to be equally effective, reducing DSI by
37%, 38% and 31% respectively.

The kale amendment was the

least effective, resulting in only a 13% reduction which
was not different from the nil and mustard treatments.

Significant interaction (p - 0.05) between time
intervals of all amendments before planting and inoculum
levels was obtained as shown in Figure 5.15.

In both

inoculum levels DSI 100 and DSI 50, there were significant
differences in DSI between length of time of amendments
before sowing.

The differences in DSI between three weeks

and six weeks were 36% at DSI 50 and 22% at DSI 100.

The

reduction of 12% obtained at DSI 75 was not significant.

There was a highly significant interaction (P

= 0.01)

between individual brassica amendments and length of time
of amendments before planting as shown in Figure 5.16.
Brassica amendments maintained for six weeks before planting
resulted in greater reductions in DSI than the three weeks
period.

However, only significant differences were

observed with the cabbage and rape treatments where there
J

•

were 68% and 49% reductions in DSI at six weeks as compared
to 32% and 25% reductions at three weeks.

In the kale,

fodder radish and mustard treatments, 18%, 27% and 13% differences in DSI were obtained respectively by delaying
sowing for a further three weeks.

At the three weeks per-

iod, 6%, 29% and 28% reductions in DSI were obtained as
compared to values at the six week period of 20%, 47% and
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I
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Inoculum level (DSI)
Figure 5.15:

Effect of interaction between inoculum
levels and length of time of bras sica
incorporation ina.phanomyces infested .soil on the disease severity index of
pea root rot.
(Mean data derived from all
brassica treatments.)
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Disease severity %
20
40
60
•
•

.

Incorporated material

80

,

Nil

I

,

Cabbage
Kale

1
.)(I

Rape

I
xxxxxx

,

Fodder radish
x

Mustard

:x)()(

x

si tJ
LSD (0.05)

Table 5.16:

·1

I

~

3 weeks
6 weeks

Effect of interaction between incorporated
brassica materials and length of time of
incorporation in infested soil on disease
severity index of aphanomyces root rot of
pea.
Mean data derived from three inoculum
levels.
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36% reductions over nil treatment with kale, fodder radish
and mustard treatments respectively.

There were significant interactions (P

=

0.05)

between inoculum levels and brassica amendments as shown in
Figure 5.17.

In inoculum level DSI 50, DSI's were signifi-

cantly reduced by 66% with the cabbage amendment, 50% with
the rape, 41% with the fodder radish and 27% with the mustard.
There was no significant reduction in DSI from the nil· treatment in the kale amendment.

In inoculum level DSI 75, lower

significant reductions in DSI occurred as compared to DSI 50,
where 52% reduction with the cabbage amendment, 25% with the
rape and 39% with the fodder radish were observed.
was a 30% reduction with the mustard amendment.
amendment did not reduce DSI significantly.

There
The kale

In inoculum

level DSI 100, all the brassica amendments except kale were
equally effective in reducing DSI significantly.

The DSI

were reduced by 39% with the cabbage amendment, 40% with the
rape, 36% with the fodder radish and 37% with the mustard.
With the kale amendment, there was a significant 16% reduction
in DSI as compared
b)

w~th

nil treatment.

Oospores in Soils
The main effects are shown in Table 5.12, which also

shows the significant interactions.

The length of time of incorporated brassica materials
in infested soil before sowing had a highly significant effect
(P

=

0.01) on numbers of oospores per 100 g of soil.

Overall,
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Disease severity %
Incorporated material
(Inocul urn leve 1)
Nil

40

60

80

100

I

I

I

I

I

1

I 65*

Cabbage
50 DSI

20

1 4

Kale
Rape

1 50

1 40

Fodder radish

1 31

Mustard
Nil

I

I 53

Cabbage
75 DSI

115

Kale
1 25

Rape
Fodder radish

1 39

Mustard

r

29

1

Nil
Cabbage

1 38
1 16

Kale
100 DSI

Rape

140

Fodder radish

I

I 36

Mustard
Sx
LSD (0.05)
Figure 5.17:

*

35

~
I

Interaction between inoculum levels and incorporated brassica materials in infested soil on
disease severity index# of aphanomyces root rot
of pea.

Per cent reduction when compared to nil.

# Means of 3 and 6 week data.
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there was a 27% difference in population between the three
and six weeks periods.

=

Inoculum levels had a highly significant effect (P
·0.01) on oospore .population.

However, there was no statisti-

cal difference in number of oospores per 100 g of soil between
DSI 50 and DSI 75.

Both were significantly different from

DSI 100 when compared with DSI 100 where there were 85% less
oospores in DSI 50 and 64% less in DSI 75.

The effect of the incorporated materials on oospore
population was highly significant (P

= 0.01).

Cabbage and

rape treatments were equally effective in reducing number
of oospores as they did not differ significantly from each
other (76% and 72% reduction respectively when compared with
the nil treatment).

Similarly, fodder radish and mustard

treatments were equally effective reducing oospore populations by 66% and 67% respectively.

Kale treatment was the

least effective with only a 28% reduction.

A highly significant interaction(P

=

0.01~ occurred

between length of time incorporated materials were in infested
soil before sowing and inoculum levels (Figure 5.18).

At

inoculum levels DSI 50 and DSI 75, there were no statistical
differences in oospore populations between three weeks and
six weeks period, although there were more reductions at six
weeks.

At DSI 100, there was significantly fewer oospores

at six weeks (26% less} than at three weeks.
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Fiugre 5.18:

Interaction between inoculum levels and
length of time of brassica incorporation
in aphanomyces. infested soil on number or:
oospores per 100 g of soil.
Mean data
derived from all brassica treatments.
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There was a significant interaction (P

=

0.05) between

the type of incorporated material and length of time materials were incor;>orated before sowing (Figure 5.19).

In

general, a greater reduction in oospore population occurred
with the six week

than with the three week period.

However,

the only significant difference in number of oospores between
three week

and six week period before sowing occurred in the

cClEbag_e_tr~atment

where the number was reduced by 88% after

six weeks of incorporation as compared to 65% after three
weeks.

There was no statistical difference in oospore

populations between length of time of incorporation in the
other four brassica treatments.

At three weeks, rape, fodder

radish and mustard treatments were as effective as the cabbage treatments, resulting in 62%, 67% and 59% reductions in
oospore numbers per 100 g of soil.

Similarly, at six weeks,

these three treatments were equally effective to the cabbage
treatments reducing oospore numbers by 84%, 65% and 75%
respectively.

The kale treatment did not cause a reduction

over nil treatment at either time of incorporation (19% and 39%
reduction respectively at three weeks and six weeks) .

The interaction between

ino9~lum

levels and incorporated

materials in infested soils on oospore population was highly
significant (p

=

0.01).

is shown in Figure 5.20.

The data for each 'inoculum level
In the DSI 50 soil, there was no

significant reduction in oospore numbers with any amendment.
However, a 64% reduction with the cabbage amendment, 26%
with the rape, 29% with fodder radish and 33% with the mustard was observed.

There was no reduction with the kale

206

No. of oospores per 100 g of soil
Incorporated material
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~
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I

Mustard
X)I
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Figure 5.1.9:

(0. OS)

]
I

g

3 weeks
6 weeks

Interaction between incorporated brassica
materials and length of time of incorporation
in infested soil on number of oospores of
Aphanomyces euteiches per 100 g of soil.
(Mean data derived from all inoculum levels.)
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No. of oospores per 100 g of soil
Incorporated material
(Inoculum level)
Nil
50 DSI
Cabbage

400

200'

600

800

63*

Kale

0

Rape

38

Fodder radish

38

Mustard

38

Nil

75 DSI

Cabbage
Kale
Rape
Fodder radish
Mustard

100 DSI

Nil
Cabbage

79

36

Kale
Rape

I--_~

79

Fodder radish
Mustard
Sx

67
1-------1

64

LSD (0.05)
Figure 5.20':

*

Interaction between inoculum levels and
incorporated brassica materials in infested
soil on number of Aphanomyces oospores# per
100 g of soil.

Per cent reduction when compared to mI.

# Means of 3 and 6 week data.
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In the DSI 75 soil, only the kale amendment

amendment.

did not reduce oospore numbers significantly (14% less)
as compared to nil amendment.

The cabbage, rape, fodder

radish and mustard amendments were equally effective, reducing oospore numbers significantly by 74%, 69%, 75% and 41%
In the DSI 100 soil, all brassica amend-

respectively.

ments were significantly effective in reducing oospore
numbers.

The cabbage and rape amendments were the most

effective, both reducing oospore numbers by 78%.

There

was no significant difference between the fodder radish and
mustard amendments where reductions of 67% and 64% were
obtained over nil treatments respectively.

The kale amend-

ment was the least effective, reducing oospore numbers by

36%.

There was no significant interaction between the three
main factors

(WK, IL and IB) on both DSI and oospore number

per 100 g of soil.

Discussion - All cruciferous amendments tested with Aphanomyces

euteiches infested soil were effective in suppressing subsequent root rot in the glasshouse trial.

This effect may be

due to the action of the volatile components of sulfides and
disulfides arising from microbial decomposition of amendments
of plant tissues and this explanation is based on evidence
provided by Clapp et al.
tens tin et at.

(1959), Bailey et al.

(1961), Lich-

t1964} and Lewis and Papavizas (1970).

Many

vital phases in the life cycle of the pathogen have been
reported to be adversely affected CLewis and Papavizas

1971) .',
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The suppression of disease severity by the amendments could
be ascertained to be due to the effect of these volatiles
on the oospores' survival as indicated by the reduction in
numbers of oospores found in amended soils.

Lewis and

papavizas (197,1) provided evidence that morphology and
development of oospores were adversely altered.

The effectiveness of disease severity reductions by
amendments was correlated with the inoculum level.

with

all three inoculum levels, the overall treatments did not
significantly reduce the DSI from the original level.

How-

ever, there was about a 28% reduction at all inoculum levels.
This explained one of the factors causing the decrease in
effectiveness of the cruciferous amendments in heavily
infested soil in the field reported by Papavizas and Lewis

(1971) and who suggested reduction of root rot of peas could
only be expected in naturally infested soils where levels of
infestations were not excessively high as cruciferous amendments might not eliminate the fungus.

The amount of reduct-

ions of disease development must rely on the effectiveness of
oospore reductions at any inoculum level.

In high levels of

inoculum, the number of oospores might not be sufficiently
reduced enough to show any differences in DSI (Table 5.12
and Chapter 2).

More oospores were reduced the longer they were exposed
to the decomposing amendments, resulting in further decline
in disease severity CFigures 5.18, 5.19).

Papavizas (1966)

also showed that there was a general decline in DSI for peas
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planted in soil 3, 6, 9, 12 and 15 weeks after incorporation
of cabbage amendment.

Similar findings were also reported

by Papavizas and Lewis (1971) that the second planting at 6.
months after incorporation showed greater effect on DSI than
at 3 weeks.

The effectiveness of disease suppression by brassica
amendment appeared to depend on the quality and quantity of
the species (Table 5.12, Figure 5.l7}.

This was also

observed by Deans and Young (1956} in their studies on the
influence of cropping sequences and their associated mycofloras on black root of Beta vulgaris (sugar beet) .

Lewis

and Papavizas C1970} showed that cabbage evolved more sulfide volatile compounds than kale and mustard and the
greatest amounts were produced during the second and third
weeks of decomposition.

This suggested that larger amounts

of bras sica material of the other species should be used to
obtain similar effectiveness on disease suppression as cabbage.

However, the rate of each brassica amendment should

be determined as several undesirable effects were observed on
peas grown in soil amended with high concentration of cabbage,
e.g. stunting and browning of roots (Papavizas, 1966) and poor
. germination (Papavizas and Lewis, 1971).
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Experiment Three:

Effect of growing cruciferous plants and
incorporating root material on the
subsequent DSI of aphanomyces root rot and
oospore numbers.

Introduction - This glasshouse trial investigated the effects
of cruciferous crops grown in infested soil of three inoculum
levels for six months before incorporating the roots for six
weeks, on subsequent soil DSI and oospore population of

Aphanomyces euteiches.

Materials and Method - The trial consisted of seven treatments
replicated three times in a 7 x 3 factorial complete randomized
block design.
in this section.

The soil used was described in Experiment Two
The seventh treatment of Lolium multiflorium

tryegrass cultivar Tama) was included with the six treatments
as in Experiment Two.

Sixty-three plastic pots (each 170 rom

x 170 rom square x 180 rom deep) were prepared and filled with
an equivalent of 4.05 kg of oven-dried soil.

They were

equally spaced outside the Microbiology Department glasshouse.
Five seeds of the six plant species were sown on 4 February,
1983, the seventh treatment was a fallow treatment.
were watered when necessary to keep. the soil moist.

The pots
When the

weather became too wet, the pots were transferred into the
glasshouse on 23 April and kept there until 25 July when the
plants were six months old.

At six weeks after sowing, brassica

plants were thinned by removing the tops to two plants per
pot to prevent pla.nt competition.

The plants were fed once a

month with Phostrogen, a proprietary liquid nutrient which is
a balanced formulation of major and minor elements marketed by
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Phostrogen Ltd, Corwn, Clwydd LL2l OEE, united Kingdom.
Weeds were removed from the fallow treatment.

At the end of

the growth period, the plant tops were harvested, leaving the
roots in the soil.

The soil and roots from each pot were

mixed thoroughly and left for six weeks at 24-28
moisture maintained at -28 millibars.

0

with soil

At the end of six

weeks (5 September 1983) oospores were counted and soil DSI
tested similar to materials and method described in Experiment
Two.

Results - The main effects of five cruciferous plant species
and ryegrass in infested soil at three inoculum levels over
six months on DSI and oospore population are shown in Table 5.13.
Table 5.13:

Effect of five cruciferous plant species and Lalium multiflarium grown in Aphanamyces euteiches infested soil at
three inoculum levels of Barrhill sandy loam for six months
and incorporating root material on the subsequent DSI and
oospore population. Initial inoculum densities at DSI 100,
75, and 50 were 783,219 and 77 oospores per 100g soil
respectively.

Treatment
Inoculum level (IL)
(DSI)
50
75
100
Sx
Significance
plant species (P)

Nil
Cabbage
Kale
Rape
Fodder radish
Mustard
R~.egrass

Sx
Significance
LSD (0~05}'
Interaction: IL X P
CV %

Disease Severity Index
(DSI)
36.2
61.7
74.0
2.97

**
77 .0
38.1 (51)+
58.8 (24)
53.1 (311
44.9 (42)
56.6 (26)
72.7 ( 6)
4.54

No. of oospores per
100g of soil
41
162
490
17.3

'**
362
156 (57)+
183 (49)
161 (55)
173 (52)
244 (33)
338 ( 7)
26.4

**

**

22.5
NS
24

'130.6
NS
34

+Per cent reductions when compared with the nil treatment.
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a)

Disease Severity Indices (DSI)
The overall DSI between inoculum levels DSI 50 and DSI 75

or DSI 100 remained highly significantly different (P
after treatment.

=

0.01)

However, DSI was reduced to a non-signifi-

cant level between DSI 75 and DSI 100.

The effect of plant treatments on DSI was highly significant (p

=

0.01).

The cabbage, rape and fodder radish

treatments were equally effective in reducing DSI as they did
not differ from each statistically.

Kale and mustard treat-

ments reduced DSI by 23% and 26%, but these did not differ
significantly from the nil treatment.

The ryegrass treatment

had no apparent effect.

There was no interaction between inoculum levels and
plant species on DSI.

b)

Oospores in Soil
There was a highly significant effect (P

=

0.01) on

number of oospores by levels of inoculum (Table 5.13).
Treatments reduced the overall oospore numbers in
DSI 50 and DSI 75 to a non-significant difference between the
two inoculum levels.

Both were significantly different from

DSI 100 in oospore numbers.

Brassica treatments reduced oospores considerably
(highly significant, P

=

0.01).

All, except mustard, were

equally effective as they did not differ statistically, reducing oospore numbers from

nil treatment by 57% with the cabbage
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treatment, 49% with the kale, 55% with the rape and 52% with
the fodder radish.

The mustard treatment reduced oospore

numbers by 33% but was-not significantly different from nil
treatment.

Ryegrass treatment did not have any effect on

oospore population.

There was no interaction between inoculum levels and
plant species on oospore numbers.

Discussion - Growing brassicas in infested soils for six
months before incorporation reduced the DSI in peas between
20% and 70% compared to 5% by ryegrass.

Similarly, oospore

numbers were reduced by 30-60% and 7% by ryegrass.

This

shows the potential for pea root rot caused by Aphanomyces

euteiches to be reduced by growing a brassica crop and incorporating the roots of that crop into the ground before sowing
the peas.

Evidence provided by Papavizas and Lewis (1971)

that disease suppression trends last for at least six months
after incorporation suggest that brassica amendments could
reduce root rot even the following season.

This finding

has been confirmed in a field trial byOromey and Jermyn (pers.
corom.) using fodder radish in which a DSI of 50 was recorded
after amendment compared to 80 in the non-amendment treatment.

Therefore, restrictions on the use of fields with high
index values (Sherwood and Hagedorn

1958) for growing peas

could now be alleviated by adding a brassica crop to the
rotation before the pea crop.
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CHAPTER 6

GENERAL DISCUSSION l1..ND CONCLUSION

In areas where it occurs, the root rot disease caused
by Aphanomyces euteiches is likely to be serious and to
restrict the economic rroduction of pea crops.

Because no

reliable method has yet been found to control the dis ease in
plants sown in heavily infested soil (Jermyn et al.

3

1982), use of the DSI method (Sherwood and Hagedorn 1958)
to avoid soils with high root rot potential appears to be
the only practical solution to the

probl~em.

Thus one of the

main aims of the research was to study the factors affecting
development of aphanomyc es root rot and to us e this information in an evaluation of alternative control methods.

Many experimental studies o,f Aphanomyces euteiches have
been concerned with inoculum density but the problem of assessing disease potential and severity in relation to control has
been confounded by the differing methodology used by investigators (Sherwood and Hagedorn 1958;
1959;

Mitchell et ale 1969;

ale 1981).

Boosalis and Scharen

Burke et ale 1969;

pfender et

From the results of laboratory and glasshouse

studies to evaluate three existing methods:

DSI method (Sher-

wood and Hagedorn 1958), direct counting of oospores by microscopic detection (Boosalis and Scharen 1959) and MPN method
(pfender et ale 1981), it was concluded that the DSI method,
together with results from direct counting of oospores, were
suitable techniques for quantifying the inoculum density in
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The correlation resulted in a highly significant

soil.

regression coefficient of r

=

0.97.

The validity of these

two assays was confirmed by determining the DSI in relation
to known numbers of culture-produced oospores added to noninfested soils ,. in this cas e the regression coefficient

=

was r

0.99.

Boosalis and Scharen (1959) also reported

a direct relationship between either disease incidence or
severity and inoculum density (oosJP,'ores in soil).
reports (Mitchell et at. 1969;

pfender et at.

Despite

(1981) that

the original method of counting oospores (Boosalis and
Schar en 1959) was tedious and time consuming, the two modifications (discussed in Section 2.5) have overcome the
rroblems resulting in a quick and simple assay.

The most

important outcome of studying these two assay methods was
to note their capability and reliability in the discrimination of disease potential between soils from different fields.
The methods also could assess accurately the changes in a
population of Aphanomyces euteiches when subjected to
experimental soil treatments especially in soils with low
DSI values where the MPN method (Pfender et at. 1981) was
less satisfactory.

The severity of aphanomyces root rot is well known to
be dependent on high soil moisture at temperatures from 22 0
to 28

0

•

Ecological studies on the effect of soil moisture

on the pathogen has been expressed in terms of water potential.

Previous research has been described solely in terms

of water content which did not explain the influence of
availability of water on growth of fungi in soil (Griffin
1963) .

The conclusions from

~hese

studies that percentage
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moisture holding capacity could not be equated to water
potential, were in agreement with many workers (Griffin
1963, 1970;
1971;

Cook et aZ. 1971, 1972;

Emberger and Welty 19S2).

was shown to

r~quire

Adebayo and Harris

Aphanomyces euteiches

high water potential and warm temperat-

ure for maximum growth.

In laboratory studies (Section

3.3.1), maximum growth of the pathogen occurred at the
I

highest water potential of 0 bars and warmest temperature of
25 0

•

In glasshouse studies (Section 3.3.2), high water

potential and warm temperatures also favoured diseases
develo"pment.

However, inIection was shown to occur under

drier conditions (at -200 millibars) and lower temperatures
of SO_12°, especially with soil highly infested with the
pathogen.

This has suggested that it is not only wet soil

and warm temperature which can initiate the fungus to active
vegetative growth and to form zoospores in sporangia or
mycelium from germinating oospores (Jones and Drechsler 1925).
Results from laboratory studies" (Section 3.3.1) showed that as
a consequence of decreasing water potential and temperature,
fungal growth was at a slower rate and the lag phase before
growth commenced was prolonged (Scott 1957) .
Burke and Mitchell (196S) "and Burke et aZ.
conditions optimum infection

According to

(1969), in wet

occurr~d at 16 0

,

but remained

latent and symptoms seldom developed unless the plants we:re
subjected to higher temperatures.

Thus provided the soil

moisture was near saturation point, infection should be
expected to occur between SO and 10 0

,

with SO being close to

the minimum growth of Aphanomyces euteiches.
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The Aphanomyces euteiches-pea plant relationship can
be considered as an epidemic model where mobile fungal spores
are attracted to moving root tips (Baker et ale 1967).
This suggests that the faster growth rate of plant roots
under wetter conditions would determine the rate of infection
,

which also could be influenced by the rate at which roots
grew through infested soil.

As a consequence, the yield

responses of pea plants to increased soil moisture and temperature was altered, following infection by the pathogen.
Thus according to Huisman (1982), the

~ajor

limiting process

in this :type of epidemic was considered to be root growth.
pfender and Hagedorn (1983) also suggested that the rate of
spread was severely constrained by an apparent requirement for
contact or at least proximity of host plant roots to inoculum.
Spread of the pathogen was limited as zoospores did not
migrate in the soil more than 1.2 em (Haenseler 1925).
Therefore, high inoculum levels in soils would be expected
to initiate rapid disease development as plants would be
expected to come in contact with the inoculum earlier as
roots grew through the soil (Section 3.3.2) .

Such speculat-

ion has come from the suggestion of pfender and Hagedorn
(1983) that initial infection led to the colonisation of a
root system and the increase in inoculum permitted the more
rapid contact to neighbouring plants either by mycelial
growth between roots in contact with one another or short
distance movement of zoospores between roots.

A recommended agronomic practice is to irrigate pea
crops to field capacity especially at flowering and podding
stages to obtain maximum yield (Stoker 1977).

This practice
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need not be altered in relation to control of aphanomyces
root rot.

According to the' findings in Section 3.3.3, the

availability of favourable conditions for rapid disease
development during early crop growth caused severe damage
to plants.

This was not observed if such conditions occurred

at later stages of plant growth, but there was an overall
lower yield from crops grown in infested soils.

This is

probably due to occurrence of disease too late to cause
severe root rotting in older plants (Lockwood and Ballard
1959;

Lockwood 1960).

As long as the water conducting

system is left intact by the pathogen (Haenseler 1926) damage would not be sufficiently severe to appreciably reduce
yield.

Although many areas of study have greatly increased
the knowledge of Aphanomyces euteiches 3

they have not pro-

vided a satisfactory explanation for the mechanisms of survival and the decline of inoculum in soil when conditions are
not favourable or in the absence of peas.

Scharen (1960)

has produced evidence that the pathogen survives as oospores
in plant debris.

No direct proof was provided to show the

actual importance of alternate hosts for survival in field
soils.

Results from glasshouse and field studies on the

role of alternate hosts (Chapter 4) showed that Aphanomyces

euteiches parasitised two other legumes:
clover, and three other weeds:
and field pansy.

lucerne and white

chickweed, shepherd's purse

No evidence of above-ground symptoms or

root damage of these! 'plants was observed.

However, it is

important to stress that the pathogen was able to produce new
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oospores in the infected roots of these alternate hosts.
Thus they, especially the annual weeds, would not only
increase total inoculum density but each year would add a
fresh batch of viable oospores into the soil (Papavizas
and Ayers 1974).

This has confirmed the findings of Lin-

ford (1927) who postulated that the life of Aphanomyces

euteiches may be prolonged, not only by the ability of the
oospores to remain viable in the soil for many years but
also by the ability of the pathogen to parasitise many plants
other than peas.

It is appropriate to conclude that these

alternate hosts are important in the survival of Aphanomyces

euteiches and to cite Carley (1969)

(cited by Papavizas and

Ayers 1974) that survival lilies not only from additional
quantities of oospores added to soil, but also on the continuous rejuvenation of the organism by passage through the
alternate hosts".

In relation to control measures, altern-

ate hosts as 'symptomless carriers'

(Garett 1960) pose two

problems in trying to reduce the inoculum density of the
pathogen in infested soil:

1.

persuading farmers to pursue a weed control programme
with sufficient zeal may be difficult;

2.

and

to refrain from growing the two important legumes,
lucerne and white clover, would not prove practical
in arable crop rotations where these plants are essential to the economy of the farm and for nitrogen-fixation.
Chemical control of disease can only be justified if

the increased momentary return is greater than the cost
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involved.

On the basis of in"vitT'o evidence that the fungi-

cides pyroxyfur, metalaxyl and hymexazol could adversely
affect mycelial growth, zoospore formation and motility and
oospore formation, seed treatment as control measures using
these fungicides could be effective against the pathogen.
However, when these fungicides were used as seed treatments
in a field trial, they were not effective as shown by final
yield of the pea crop (Jermyn et al. .1982).

Further investi-

. gations in the glasshouse (Section 5.3.2) indicated that the
fu~gicides

do have the ability to protect plants against the

pathogen but this was evident only during the early stage of
growth (up to 6 weeks after sowing) •

The Aphanomyces

euteiches-pea plant relationship is based mainly on rate of
, growth of roots in infested soil and this determines the rate
of infection (Huisman 1982).

Thus roots could quickly grow

away from the area of fungicidal influence and so infection
could take place.

This is because the pathogen can attack

the host over a period of time (Pfleger et ale 1976) even
though Lockwood (1960) showed that disease development tended
to decrease with increasing age of plants at inoculation.
In dry and warm conditions, unfavourable for rapid disease
development, chemical control was not required as disease
severity was not sufficient. to reduce yield significantly
(Experiment 3 in Section 5.3.2 and Jermyn et ale 1982).

Larger differences between untreated and fungicide
treatment were observed with plants grown in the glasshouse
compared to field-grown plants (Jermyn eta l. 1982).

This

is because plants grown in glasshouse trial were evaluated
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for root rot sooner after sowing than plants in field study.
If field-grown plants had been evaluated by Jermyn et ale
(1982) at an earlier date, larger differences might have
been observed.
rates of

et al.

In addition, the glasshouse trials used

fungi~ideswhich

(1982).

were twice those used by Jermyn

Mitchell and Hagedorn (1969) suggested that

it was important to determine root rot within 3-4 weeks
after sowing if the effect of chemical seed treatment on

Aphanomyces euteiches was to be properly assessed, i.e. before
any general colonisation of roots by weaker and relatively
non-invasive pathogens.

However, the potential use of seed

treatment to delay root infection by the pathogen and enhance
seedling vigour (when under immediate disease stress) is
limited because poorly filled pods and low yields were obtained. (Jones and Drechsler 1925;

Jermyn et al. 1982) espec-

ially with soils of DSI greater than 70.
(50-70) range of soils,
conditions

th~

In the lower DSI

chemicals were beneficial when

were conducive to disease development.

However,

the chemicals were not of value when used on seed sown in dry
and warm conditions.

cultural control by brassica amendments to aphanomycesinfested soil was found to be a promising option.

In glass-

house trials, all brassica amendments (cabbage, kale, rape,
fodder radish and mustard) to aphanomyces infested soils were
effective in reducing root rot severity.

The brassica

crops were speculated to act on the pathogen belause of high
levels of volatile organic sulphur compounds arising from
microbial decomposition.

Lewis and Papavizas (1971) were
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able to show that many vital phases in the life cycle of
the pathogen could be adversely affected.

This is evident

from the correlation between the reduction of DSI and the
decrease in inoculum levels (Section 5.3.3).

However, it

is not known whether the effects of the sulphur compounds
on oospores were either stimulating them .to germinate when
survival was restricted due to its inability to live saprophytically (Smith 1931) or directly killing the oospores.
The latter appears more likely as Lewis and Papavizas (1971)
have shown that morphology and development of oospores were
adversely altered.

The effectiveness of disease suppres-

sion by brassicas will depend on the quality and quanti'ty
of species, as shown by Section 5.3.3, and Lewis (1971),
where suppression trends lasted for at least 6 months after
incorporation.

Growing a brassica crop and incorporating that crop
into the soil has the potential to reduce the disease severity
in fields which have been restricted from. growing peas because
of high levels of inoculum.

Jermyn (1984) has suggested that

the cost involved in incorporation of a brassica crop established in summer or early autumn would be worthwhile because
peas are such an important crop in arable rotations for cash
returns, and because peas have a short growing time and are
able to fix nitrogen.

In conclusion, the potential of using brassica amendments in aphanomyces-infested soil to control the root rot
disease has been demonstrated either in the glasshouse or
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field (Jermyn 1984).

However, future programmes should be

included to clarify the effect of brassicas on oospores of
Aphanomyoes euteiohes.

This information will enable further

research of the possibility of using sulphur compound extracts
from a brassica crop, e .. g. mustard oil manufactured commercially, to reduce the inoculum density and so assist in the
control of aphanomyces root rot of peas.

225

ACKNOWLEDGEMENTS

This thesis was realised with the financial support
.'

from the New Zealand University Grants Committee, Lincoln
College Research Committee and a Research Contract between
New Zealand Department of Scientific and Industrial Research
and Lincoln College.

I also express my grateful acknowledgements to the
following:
Dr R.C. Close for his supervision, advice, guidance and
encouragement throughout.

His comments, constructive

criticism, helpful discussion and proof-reading of the
manuscript have helped me to attain the completion of
this thesis.
Dr S.A. Menzies for providing me with his expert advice on
this particular field of study and for supplying

Aphanomyces euteiches cultures used in this research.
Professor A.P. Mulcock for his constructive criticism in the
initial preparation of this manuscript.
Dr I.C. Harvey, Dr J. Hedley, Mr M. Braithwaite and staff of
plant Health Diagnostic Station, Ministry of Agriculture and Fisheries, Lincoln, for use of results of their
field survey and materials in relation to this study.
Their contribution and co-operation are greatly appreciated.
Dr W.A. Jermyn and Mr M.A. Manning of New Zealand Department
of Scientific and Industrial Research for valuable
information and helFful discussion which provided a

226

constant source of stimulation.
The farmers of canterbury, New Zealand who gave me access
into their farms and provided me with plant and soil
samples.
Dr J. Reid, Dr,K.M.Goh and Mr H. Horn of Soil Science
Department, for their assistance and advice related to
studies on soil.
Dr R. Field and Mr B.E. Smith of Plant Science Department,
for their assistance in the conduct of exreriments in
the growth cabinets.
Messrs B.G. Love of Plant Science Department and D. Saville
of Ministry of Agriculture and Fisheries for their
invaluable statistical and computing advice.
Ms M. Wathey and Messrs I.

~erry,

K. Taylor, M. Mana-ay,

L. Hernandez, J. Restieux and C. Rogers for their
much needed assistance especially in collecting plant
and soil samples in the field.
Ms L. Murdoch, N. Smith, M.L. McMillan, P. Sirisomboonwong
and A.Kyrioukou for technical assistance.
Messrs D. Fowler, D. Heffer and G. Meijer of Field Service
Centre for making possible my studies in the field.
Messrs E.C. Mangin and D. Hollander of Educational Services
unit for their assistance in photography.
Dr R. Gaunt, Dr M. Noonan, staff and students of Microbiology
Department for their interest, enthusiastic support and
encouragement in this project.
Mrs K.J. Brown, who accepted and skilfully completed the task
of typing this thesis.

227

Finally, I am indebted to my parents, brothers and
sisters and their families for their advice and enthusiasm
in my decision to undertake this study.

Without their

love, encouragement and moral support,· the completion of
this study would not have been achieved.

228

REFERENCES

Adams, P.B. 1967.
A buried membrane filter method for
studying behaviour of soil fungi.
Phytopathology 57:
602-603.
Adebayo, A.A. and Harris"R.F. 1971.
Fungal growtp responses
to osmotic as compared to matric water potentials.
Proceedings of the Soil Science Society of America 35:
465-469.
Ainsworth, G.C.; Sparrow, F.K. and Sussman, A.S. 1973.
The Fungi~ An Advanced Treatise~ Volume 'IVB: A Taxonomic
Review with Keys: Basidiomycetes and Lower Fungi~ New
York and London: 504 p.
A1conero, R. and Hagedorn, D.J. 1967.
to Aphanomyces root rot of peas.
1394-1395.

pythium relationships
pythopathology 57:

Ashworth, L.J.; Huysman, O.C.; Weinhold, A.R. and Hancock,
J.G. 1981. Estimating yield losses caused by soilborne fungi.
Crop Loss Assessment Methods: Supplement
3. Ed. Chiarappa, L. Farnham Royal Commonwealth Agricultural Bureaux: FAO, 123 p. 91-95.
As1yng, H.C. 1963. Soil physics terminology.
International
Society of Soil Science Bulletin 23: 7-10.
Bailey, S.D.; Bazinet, M.L.; Driscoll, J.L. and McCarthy,
A.I.
(1961) .
The volatile sulfur components of
cabbage.
Journal of Food Science 26: 163-170.
i

Baker, K.F. and Cook, R.J. 1973.
Biological control of plant
pathogens.
San Francisco, Freeman: 433 p.
Baker, R. 1968.
Mechanisms of biological control of soilborne pathogens.
Annual Review of Phytopathology 6:
263-294.
Baker, R. 1978.
Inoculum potential.
In: Plant Disease: An
Advanced Treatise. ed. Horsfall, J.G. and Cowling, E.B.
Volume II, Academic Press, New York, London, 436 p:
137-156.

229

Baker, R.; Maurer, C.L. and Maurer, R.A.
1967.
Ecology
of Plant Pathogens in Soil. VII. Mathematical Models
and Inoculum Density.
Phytopathology 57: 662-666.
A comparison
Basu, P. K. ; Lin, C.S. and Binns, M.R. 1977.
of sampling methods for surveying alfalfa foliage
Canadian Journal of Plant Science 57:
diseases.
1091-1097 •.
Beute, M.K. and Lockwood, J.L. 1968.
Root Rot in Virus-Infected Peas.
1643-1651.

Mechanism of Increased

Phytopathology 58:

Boosalis, M.G. and Scharen, A.L. 1959.
Methods for microscopic detection of Aphanomyces euteiches and Rhizoctonia
solani and for isolation of Rhizoctonia solani associated
with plant debris.
Phytopathology 49: 192-198.
Bouhot, D. 1979.
Estimation of inoculum density and inoculum
potential: techniques and their values for disease
prediction. In: Soil-Borne Plant Pathogens.
ed. B.
Shippers, W. Gams, New York, London, Academic, 686 p:
21-34.
Boyle, L.W. 1961.
The ecology of Schlerotium rolfsii, with
emphasis on the role of saprophytic media.
Phytopathology 51: 117-119.
Bruehl, G.W. and Cunfer, B. 1971.
Physiologic and environmental factors that affect the severity of snow mould of
wheat.
Phytopathology 61: 792-799.

1969.
Hagedorn, D.J. and Mitchell, J.E.
Aphanomyces and Yusarium root rot of peas with partial vs
total exposure of roots to infested soil.
Phytopathology
59: 1261-1266.

Burke, D.W.;

Burke, D.W.; Hagedorn, D.J. and Mitchell, J.E.
1970. Soil
conditions and distribution of pathogens in relation to
pea root rot in Wisconsin soils.
·Phytopathology 60:
403-406.
Burke, D.W., Mitchell, J.E. and Hagedorn, D.J. 1969.
Selective conditions for infection of pea seedlings by
Aphanomyces euteiches in soil.
Phytopathology 59:
1670-1674.

230

Carley, H.E. 1969.
Factors affecting the epidemiology of
pea (Pisum sativum L.) root rot caused by Aphanomyces
euteiches Drechs.
Ph.D. The$is,· ~iversity of
Minnesota.
120 p.
Cho, Y.S. and King, T.H. 1963.
Factors affecting infection
and oospore formation of Aphanomyces euteiches Drech.
in excised. root tip of Pisum sativum.
Minnesota
Academy Science Proceeding 30: 123-127.
Clapp, R.C.; Long, L.; Dateo, G.P.; Bissett, F.H. and
Hasselstrom, T. 1959. The volatile isothiocyanates in
fresh cabbage.
Journal of American Chemistry Society
81:
6278-6281.
Cochran, W.G. 1950.
Estimation of bacterial densities by
means of the 'most probable number'.
Biometrics 6:
105-116.
Cochrane, V.W. 1958.
Metabolism and reproduction. In:
v.w. Cochrane, Physiology of FUngi. John Wiley and
Sons, New York: 375-377.
Commonwealth Mycological Institute. 1977.
Distribution Maps
of Plant Diseases. Map No. 78.
Commonwealth Agricultural
Bureaux, Cambrian News Ltd, Aberystwyth, Wales.
Commonwealth Mycological Institute. 1983. Plant Pathologist's
Pocketbook.
ed. Johnston,· A. and Booth, C. Commonweal th Agricultural Bureaux ,--Cambrian News Ltd,
Aberystwyth, Wales.
Cooke, R.J. 1972.
Symposium on water stress: Pathogenic induction and influence on metabolism and disease development. Influence of low plant and soil water potentials on
diseases caused by soilborne fungi.
Phytopathology 63:
451-458 .
. Cooke, R.J. and Papendick, R.I. 1970.
Soil water potential
as a factor in the ecology of Pusar.ium roseum f. sp. cerealis
'Culmorum'.
Plant Soil 32: 131-145.
Effect of soil water on
Cook, R.J. and Papendick, R.I. 1971.
microbial growth, antagonism and nutrient availability
in relation to soil-borne fungal diseases of plants.
In: Root Diseases and Soil-borne Pathogens.
ed.
Toussoun, T.A.; Bega, B.V. and Nelson, P.E. University of
California Press, Berkeley: 81-88.

~231

Cook, R.J. and Papendick, R.I.
1972.
Influence of water
potential of soils and 3555 plants on root disease,

Annual Review of Phytopathology 10:

349-374.

Cook, R.J.; Papendick, R.I. and Griffin, D.M.
1972.
Growth
of two root-rot fungi as affected by osmotic and matric
water potentials.
Proceedings of Soil Science Society
of America· 36: 18-82.
Coutts, J.R.H. 1930.
"Single value" soil properties: A
study of the significance of certain soil constants.
III. Note on the technique of the Keen-Raczkowski box
experiment.
Journal of Agricultural Science 20: 407413.
Cunningham, J.L. and Hagedorn, D.J.
1962.
Attraction of
Aphanomyces euteiches zoospores to pea and other plant
roots.
Phytop~thology 52:
616-618.
Cunningham, J.L. and Hagedorn, D.J. 1962.
Penetration and
infection of pea roots by zoospores of Aphanomyces
euteiches. Phytopathology 52:
827-734.
Dateo, G.P.; Clapp, R.C.; MacKay, D.A.M.; Hewitt, E.J.
and Hasselstrom, T.
1957.
Identification of the
volatile sulfur components of cooked cabbage and the
nature of the precursors in the fresh vegetable.
Food
Research 22: 440-447.
Davey, C.B. and Papavizas, G.C.
1961.
Aphanomyces root rot
of peas as affected by organic and mineral soil amendments.
Phytopathology 51: 131-132.
Davis, R.A.

1963.

Interactions of nematodes and pea (Pisum
Disease Abstract 24: 2646.

sativum L.J diseases.

Deems, R.E. and Young, H.C.
1956.
Black root of sugar
beets as influenced by various c~opping sequences and
their associated mycofloras.
Journal of the American
Society of Sugar Beet Technologist 9: 32-43.
Delwiche, E.J.; Musbach, F.L.; Sarles, W.B.; Truog, E.;
Walker, J.C. and Wilson, H.F.
1939.
Canning peas in
Wisconsin.
Wisconsin Agricultural Experimental Station
Bulletin 444: 24 p.
00

De Man, J.

1975.

The probability of most probable numbers.
67-78.

European Journal of Applied Microbiology 1:

232

Dennis, R.W.G. and Foister, C.E. 1942: List of diseases of
economic plants recorded in Scotland.
T~ansactions
of the B~itish Mycological Society XX V: 226-306.
Dimond, A.E. and Horsfall ,J.G. 1960. Inoculum and the
diseases population . . In:
Plant Pathology: An Advcinced
T~eatise.
ed. Horsfall; J.G. and Dimond, A.E., Volume
3, Academic Press, New York: 1-22.
Drechsler, C. 1925.
Root-rot of peas in the middle
Atlantic States in 1924.
Phytopathology 15: 110-114.
Drechsler, C. 1929. The beet water mold and several related
root parasites.
Jou~nal of Ag~icultu~al Resea~ch 38:
309-361,
Drechsler, C. 1954.
Aphanomyces euteiches from pea roots
and "Aphanomyces euteiches P.F. 2ft. Jou~nal of
Washington Academy Science 44: 236-244.
Emberger, G. and Welty, R.E. 1983.
Effect of soil water
matric potential on resistance to PUsa~ium oxyspo~um
f. sp. medicaginis in alfalfa.
Phytopathology 73:
208-212.
Farley, J.D. and Lockwood, J.L. 1964.
Increased susceptibility to root rot in virus-infected peas.
Phytopathology
54: 1279-1280.

Statistical Methods in Biological Assay.
Finney, D.J. 1964.
London: Griffin, 668 pp.
Fleming, A. and Smith, G. 1944.
Some methods for the study
of moulds.
T~ansactions of B~itish Mycology Society~
xxvii~ 1-2:
13-19.
Frick, E.L. 1981. Grandstand - A new systemic fungicide.
Technical Data Sheet, Ivon Watkins-Dow Ltd, New Zealand.
Garren, K.H. 1961.
Control of Scle~otium ~olfsii through
cultural practices.
Phytopathology 51: 120-124.
Garrett, S.D. 1956.
Biology of ~oot-infecting fungi.
Cambridge University Press, London and New York.

292 p.

233

Inoculum potential. In: Ptant Pathotogy:
ed. Horsfall,~.G. and Dimond,
A.E., Volume 3, Academic Press, New York:
23-56.

Garrett, S.D.

1960.

An Advanced Treatise.

Geach, W.L.

1936.

Root rot of grey peas in Tasmania.

Austratian Councit of
Journat 9: 77-87.
Geard, I.D.

1961.

Agricutture 32:

Scie~ce

and Industriat Research

Diseases of peas.
132-143.

Tasmanian Journat of

Geldreich, E.E.; Jeter, H.L. and Winter, J.A.
1967.
Technical cohsiderations in applying the membrane filter
procedure.
Heatth Laboratory Science 4: 113-125.
Geypens, M. 1974.
Inoculum potential of soil borne plant
pathogenic fungi: problems encountered in analysis and
significance in 'epidemiology.
Agro-Ecosystem 1:
177-192.
Gilligan, C.A.

1983.

Modelling of soilborne pathogens.
45-64.

Annuat Review of Phytopathotogy 21:

Grau, C.R. 1977.
Effect of dinitramine and trifluralin
on growth~ reproduction and infectivity of Aphanomyces
euteiches. Phytopathotogy 6?: 551-556.
Grau, C.R. and Reiling, T.P. 1977.
Effect of trifluralin
and'dinitramine on Aphanomyces root rot of peas.
Phytopathotogy 6?: 273-276.
Griffin, D.M.
1963.
Soil physical factors and ecology of
fungi.
II. Behaviour' of Pythium uttinum at small
soil water suctions.
Transactions of the British
MycoZogicat Society 46: 368-372.
Griffin, D.M. 1970.
Effect of soil moisture and aeration
on fungal activity: An introduction.
'In: Root
Diseases and Soitborne Pathogens.
ed. Toussoun, T.A.;
Bega, R.V. and Nelson, P.E. University of California
Press, Berkeley: 77-80.
1925.
Pea root rot studies.
New Jersey
Agricutturat Experimentat Station Annuat Report 4?:

Haenseler, C.M.
334-339.

234

Haenseler, C.M.

1926.

Studies on the root rot of peas

(pisum sativum) caused by Aphanomyces euteiches
Drechsler.
New Jersey Agricultural Experimental
Station Annual Report 46: 467-484, illus.
Haglund, W.A.
1968.
Chemical control of pea root rot by
soil - incorporation and in-furrow treatments with
l-chloro-2-nitropropane.
L~S. Department of Agriculture
Plant Disease Reporter 52: 72-75.
Haglund, W.A. and King, T.H.
1961.
Inoculation technique
for determining tolerance of Pisum sativum to Aphanomyces
euteiches.
Phytopatho logy 51: 11: 800-802.
Hall, D.G.M.; Reeve, M.J.; Thomasson, A.J. and Wright, V.F.
1977.
Soil Survey Technical Monograph No.9, Water

retention, porosity and density of field soils.
Rothamsted Experimental Station, Harpenden.
and Son Ltd, Bartholomew Press.

Adlard

1980.
Applied soil physics:
Soil water and temperature applications.
Advanced

Hanks, R.J. and Ashcroft, G.L.

Series in Agricultural Sciences, Berlin, Springer:

159 p.

Harvey, R.G.; Hagedorn, D.J. and Delongheny, R.L.
1975.
Influence of herbicides on root rot in processing peas.
Crop Science 15: 67-71.
Healy, A.J.

1984.
Standard common names for weeds in New
New Zealand Weed and Pest Control Society
2nd Edition. Swiftcopy Centre Limited, Palmerston

Zealand.
Inc.
North.

1978.
Soil sampling and soil description.
Monographs on soil survey.
Clarendon Press, Oxford,

Hodgson, J.M.

England.

Oxford University, 241 p.

Huisman, O.J. 1982.
Interrelations of root growth dynamics
to epidemiology of root-invading fungi.
Annual Review
of Phytopathology 20: 303-327.
Iwai, I. and Nakamura, N. 1966.
Acetylenic compounds. XLIV.
Synthesis of 3-amino-isoxazoles and 3-hydroxyisoxazoles
(3-izoxazolmes) .
Chemical Ph&rm.icaZ Bulletin 14:
1277-1286.

235

Jacobson, B.J. and Hopen, H.J. 1975.
Influence of herbicides on A.phanomyces root rot of pea.
Proceeding of
American Phytopathology Society 2: 26 (abstract).
James, C.W. 1971.
An illustrated series of assessment
keys for plant diseases, their preparation and usage.
Canadian Plant Disease Survey 51: 39-65.
Jermyn, W.A. 1984.
Brassicas offer help for pea root rot
problem.
The Christchurch Press 3 February 10: 19.
Jermyn, W.A.; Banfield, R.A.; Hedley, J. and Russell,
A.C. 1982.
Effect of seed treatment on aphanomyces
root rot of pea.
Proceedings of Agronomy Society of
. New Zealand 12: 15-18.
Jimenez, B. and Lockwood, J.L. 1981.
Germination of oospore
Phytophthora megasperma f . SJ2. glycinea in the presence
of soil.
Phytopathology 72: 662-666.
Johnson, H.G. 1953.
Investigations on the control of root
rot of peas.
Ph.D. Thesis 3 University of Minnesota:
82 p.
Jones, F.R. 1926.
Resistance of peas to root rot.
Phytopathology 16: 459-465.
Jones, F.R. and Drechsler, C. 1925.
Root rot of peas in
the united states caused by Aphanomyces euteiches (n.
sp).
Journal of Agricultural Research 30: 293-325.
Jones, F.R. and Linford, M.B. 1925.
Pea disease survey in
Wisconsin.
Wisconsin Agriculture Experimental Station
Research Bul~~tin 64: 1-34.
Katan, J. and Eshel, Y. 1974.
Interactions between herbicides and plant pathogens.
Residue Review 45: 145177.
Keen, B.A. and Raczkowski, H.J. 1921.
The relation between
the clay content and certain physical properties of a
soil.
Journal of Agricultural Science 11: 441-449.
Kotova, V.V. 1969.
(Aphanomyces euteiches Brechs ., The
Cause of root rot of pea in the USSR.)
Mikol. i.
Fitopat 3: 483-442 illus. (In Russian) Abstract in
Review of Plant Pathology 49: 159, 1970.

236

Kotova, V.V. and Tsvetkova, Ni~lL 1980. Effectiveness of
chemical control measures against Aphanomyces root rot
of pea.
Review of Plan t Patho logy 59 (7): abstract.
Lewis, J.A. and Papavizas, G.C. 1970.
Evolution of volatile
sulfur-containing compounds from decomposition of
crucifers in soil.
Soil Biology and Biochemistry 2:
23~-246.

Lewis, J.A. and papavizas, G.C. 1971.
Effect of sulfurcontaining volatile compounds and vapours from cabbage
decomposition on Aphanomyces euteiches.
Phytopathology
61: 208-214.
Lichtenstein, E.P.i Morgan, D.G. and Mueller, C.H. 1964.
Naturally occurring insecticides in cruciferous
crops.
Journal of Agricultural Food Chemistry 12:
158-161.
Lindford, M.B. 1927.
Additional hosts of Aphanomyces
euteiches the pea root rot fungus.
Phytopathology 17:
133-134.
Lindfors, T. and Holmberg, C. 1941.
Plant diseases in
Sweden 1933-1937.
Review of Applied Mycology 20:
392 (abstract).
Llanos, M.C. and Lockwood, J.L. 1960.
Factors affecting
zoospore production by Aphanomyces euteiches.
Phytopathology 50: 826-830.
Lockwood, J.L. 1960.
Pea introductions with partial resistance to aphanomyces root rot.
Phytopathology 50: 621624.
Lockwood, J.L. 1960.
Progress and problems in breeding
peas resistant to root rots.' Michigan Agricu lture
Experimental Station~ Bulletin 43: 358-366.
Lockwood, J.L. 1961.
Soil fungicides for control of pea
root rot in greenhouse tests.
. u. S. Department of
Agriculture Plant Disease Repor ter 45: 569-571.
Lockwood, J.L. and Ballard, J.C. 1959.
Factors affecting
a seedling test for evaluating resistance of pea to
Aphanomyces root rot.
Phytopathology 49: 406-410.

237

McGrady, M.N. 1915.
The numerical interpreuation of
fermentation tube results.
Journal of Infectious
Diseases 17: 183-212.
Manning, M.A. and ~1enzies, S.A. 1980.
Root rot of peas
in New Zealand caused by Aphanomyces euteiches.
New
Zealand Journal of Agricultural Research 23: 263265 ~
.

1925.
Pea root rot.
New Jersey Agricultural
Experimental Station Annual Report 45: 378.

Martin, W.H.

Menzies, J.D. 1963.
The direct assay of plant pathogen
populations in soil.
Annual Review of Phytopathology
1:
127-142.
Mitchell, J.E.; Balla, H.S. and Yang, G. 1969.
An approach
to the study of the population dynamics of Aphanomyces
euteiches in soil.
Phytopathology 59: 206-212.
Mitchell, J.E. and Hagedorn, D.J. 1966.
Chemical control
of pea root rot incited by Aphanomyces euteiches.

U.S. Department of Agriculture Plant Disease Reporter
50: 91-95.
Mitchell, J.E. and Hagedorn, D.J.
1969.
Effect of sodium
p-(dimethylamino) benzene-diazosulfonate on activity of
Aphanomyces euteiches in soil.
V.S. Department of
Agriculture Plant Disease Reporter 53: 697-670.
Mitchell, J.E. and Hagedorn, D.J.
1971.
Residual Dexon and
the persistent effect of soil treatments for control of
pea root rot caused by Aphanomyces euteiches.
Phytopathology 61: 978-983.
Mitchell, J.E. and Yang, C.Y.
1966.
Factors affecting growth
and developmentof Aphanomyce~ euteiches.
Phytopathology
56: 917-922 .

.

New Zealand Soil Bureau Bulletin.
1968'~
Soi ls of New Zea land~
Part 3. ~ew Zealand Soil Bureau Bulletin 26(3), New
Zealand Department of Scientific and Industrial Research.
Olofsson, J.
1967. Root rot of canning and freezing peas in
in Sweden. Acta Agriculture Scandinavian 17: 101-107.
Papavizas, G.C. 1966.
Suppression of Aphanomyces root rot
of peas by cruciferous amendments.
Phytopathology 56:
1071-1075.

238

Papavizas, G.C. 1967.
Comparison of treatments suggested
for control af:Aphanomyces root rot of peas. Plant
Disease Reporter 51: 125-129.
Pa9avizas, G.C. and Ayers, W.A. 1974.
Aphanomyces species
and their root diseases in pea and sugarbeet - A Review.
Technical Bulletin, Agricultural Research Service, united
States Department of Agriculture 1485: 158 pp.
Papavizas, G.C •. and Lewis, ~T.A. 1970.
suppression of
Aphanomyces root rot of peas by soil amendments, fungicides and fumigants.
Phytopathology 60: 1306.
Papavizas, G.C. and Lewis, J.A. 1971.
Effect of amendments
and fungicides on Aphanomyces root rot of peas.
Phytopathology 61: 215-220.
Papavizas, G.C. and Lumsden, R.D. 1980.
Biological control
of soilborne fungal propagules.
Annual Review of
Phytopathology 18: 389-413.
Park, D. 1963.
The ecology of soil~borne fungal disease.
AnnuaZ Review of Phytopathology 1:
241-258.

The Pesticide ManuaZ: A world compendium. 1983.
ed. Worthing,
C.R. and Walker, S.B. The British Crop Protection
Council, Lavenham Press Ltd, Lavenham, Suffolk.
7th
Edition.
Pfender, l.:)'.F.j Rouse, D.l. and Hagedorn, D.J. 198!.
A most probable number method for estimating inoculum
density of Aphanomyces euteiches in naturally infested
soil.
Phytopathology 71: 1169-1172.
Pfender, W.F. and Hagedorn, D.J. 1983.
Disease progress
and yield loss in Aphanomyce~ root rot of peas.
Phytopathology 73: 1109-1113.
Pfleger, F.L.i Groth, J.V. and Reiling, T.P. 1976.
The assessment of fungicides for control of pea root
rot in the field.
Plant Disease Reporter 60: 317321.
Pivaral, R.A.A. 1967.
Chemical control of Aphanomyces
root rot of peas and the relationship of pythium spp.
to the disease.
Ph.D. thesis~ University of Wisconsin.
86 p.

·239

Reiling, T.P. and King, T.H.
1957.
Correlation between
pea rot in commercial fields with greenhouse determinations of soil infestation.
Phytopathology 47: 28
(abstract) .
Reiling, T.P.; King, T.H. and Fields, R.W.
1960.
Soil
indexing for pea root rot and the effect of root rot
on yield.
Phytopathology 50: 287-290.
Reinking, a.A.; McNew, G.L. and Schroeder, W.T.
1945.
Effect of soil conditions on the survival and
virulence of pea root-rot fungi.
New York State
Agricultural Experimental Station Annual Report 63: 34.
Reinking, a.A. and Newhall, A.G.
1950.
A soil fumigation
test for pea root rot contral.
Phytopathology 40:
879-881.
Salter, P.J.
1962.
Some responses of peas to irrigation
at different growth stages.
Journal of Horticultural
Science 37: 141-149.
Salter, P.J.
1963.
The effect of wet or dry soil conditions
at different growth stages on the components of yield
of a pea crop.
Journal of Horticultural Science 38:
321-334.
Scharen, A.L.

1960.

Germination of oospores of Aphanomyces

euteiches embedded in plant debris.

Phytopathology 50:

274-277.
1978.
Use of oospore inoculum of Aphanomyces
cochlioides to initiate Black root disease in sugarbeet
seedlings.
Journal of the American Society of Sugar
Beet Technologists 20: 55-62.

Scheider, C.L.

Scheider, C.L. and Yoder, D.L.
19.73.
Development of a
methodology for production of Aphanomyces cochlioides
oospores in ~itro.
Journal of the American Society of
Sugar Beet Technologists 17: 230-239.
Scott, W.J.
1953.
Water relations of Staphylococcus aureus
at 30 0 •
Australian Journal of Biological Science 6:
549-564.
Scott, W.J.
1957.
Water relations of food spoilage microorganisms.
Advanced Food Research 7 ~.: 83-127.

. 240
1961.
A monograph of the genus Aphanomyces.
Technical Bulletin~ Wrginia Agricultural Experiment
Station~ 151:
95 pp.

scott, W.W.

Sherwood, R.T. and Hagedorn, D.J. 1958.
Determining the
common root rot potential of pea fields.
Wisconsin
Agricultural Experimental Station Bulletin 531: 11 pp.Sherwood, R.T. and Hagedorn, D.J.
1962.
biology of Aphanomyces euteiches.
150-154.

Studies on the

Phytopathology 52:

Plant water relationships.
Slatyer, R.O. 1967.
Press, New York.
366 p.

Academic

Smith, F.E.V. 1931.
Plant diseases in Jamaica in 1930.
Report of the government microbiologist.
Jamaican

Department of Science Agricultural Annual Report:
15-19.
smith, P.G. and Walker, J.C. 1941.
Certain environmental
and nutritional factors affecting Aphanomyces root rot
of garden pea.
Journal of Agricultural Research 63:
1-20.
Stoker, R.
1977.
ping soil.

culture 5:

Irrigation of garden peas on a good crop-

New Zealand Journal of Experimental Agri233-236.

Stolzy, L.H.; Letey, J.; Klotz, L.J. and Labanauska, C.K.
1965.
Water and aeration as factors in root decay in
Citrus sinensis.
Phytopathology 55: 270-275.
Soil Science Society of America, Committee on Terminology.
1t965. Glossary of soil science terms.
Proceedings of
Soil Sc~ence Society of America 29: 330-351.

1926.
(A disease of peas.)
Mycology 5: 201-202.

Solberg, L.

Review of Applied

Sommers, L.E.; Harris, R.F.; Dalton, F.N. and Gardner, W.R.
1970.
Water relations in three root-infecting
Phytophthora species.
Phytopathology 60: 932-934.

1971. Plant Pathology in Australia.
Plant Pathology 50: 461-478.

Stubbs, L.L.

Review of

241

Taylor, D.P. 1960.
Biology and host-parasite relationship
of the spiral nematode, Helicotylenchus microlobus.
Disease Abstract 21: 721-722.
Taylor, J.D.; Griffin, G.D. and Garren, K.H. 1981.
Inoculum pattern, inoculum density-disease incidence
relationship and population fluctuations of Clindrocladium crotal~riae microsclerotia in peanut field soil.
Phytopathology 71: 1297-1302.
Teasdale, J.R.; Harvey, R.G. and Hagedorn, D.J. 1978.
Suppression of pea root rot by dinitroaniline herbicides.
Weed Science 26: 609-613.
Teasdale, J.R.; Harvey, R.G. and Hagedorn, D.J. 1979.
Mechanism for the suppression of pea (Pisum sativum)
root rot by dinitroaniline herbicides.
Weed Science
27:
195-201.
Teasdale, J.R.; Harvey, R.G. and Hagedorn, D.J. 1979.
Factors affecting the suppression of pea (pisum sativum)
root rot (Aphanomyces euteiches) by dinitroani1ine
herbicides.
Weed Science 27:
467-472.
Temp, M.V. and Hagedorn, D.J. 1967.
Influence of cropping
practices on Aphanomyces root rot potential of Wisconsin
pea fields.
Phytopathology 57(7): 667-670.
Temp, M.W. and Hagedorn, D.J. 1968.
Plant-parasitic
nematodes in soil samples from pea fields with Aphano-myces root rot potential.
~S. Department of Aifricultural Plant Disease Reporter 52: 190-192.
united States Department of Agriculture. 1965. Losses in
Agriculture.
U.S. Department of Agriculture.
Agriculture Handbook 291~ 120 pp.
Urech, P.A.; Schwinn, F. and Sta1p, T. 1977.
(TIA 48988).
A novel fungicide for the control of late blight,
downy mildews and related soil-borne diseases.
Proceedings of 1977 British Crop Protection Conference Pests and Disease 2: 623-631.
Walker, J.e. and Hare, W.W. 1943.
Pea diseases in Wisconsin
in 1942.
Wisconsin Agricultural Experimental Station
Research Bulletin 145~ 32 p.

242

WALLACE, H.R.
1958.
Movement of eelworms.
I. The
influence of pore size and moisture content of the
soil on the migration of larvae of the beet eelworm,
Heterodera schachtii Schmidt.
Annals of Applied
Bi6~ogy 46:
74-85.
Warcup, J.H.
1959.
disease fungi.

Distribution and detection of root
IN: Plant Pathology~ Problems and
Progress 1908-1958.
ed. Holton, C.S. et al.,
University of Wisconsin Press, Madison, Wisconsin:
317-326.

Weinhold, A.R.
1977.
Population of Rhizoctonia solani in
agricultural soils determined by a screening procedure.
Phytopathology 67: 566-569.
Wilson, J.M. and Griffin, D.M.
1979.
The effect of water
potential on the growth of some soil basidiomycetes.
Soil Biology and Biochemistry 11: 211-212.
Yokasawa, R.i Kuninaga, S. and Teranaka, M.
1974.
Note on pea root rot fungus, Aphanomyces euteiches
Drechsler in Japan.
Annals of the Phytopathological

Society of

Japan~

40:

454-457.

Zain, Z.M.i Gallagher, J.N. and White, J.G.H.
1983. The
effect of irrigation on radiation on absorption, water
use and yield of conventional and semi-leafless peas.
Proceedings Agronomy Society of New Zealand 13: 95-102
Zaumeyer, W.J.

1962.

United States DepartAgriculture Handbook 228: 30 pp.

Pea diseases.

ment of Agriculture.

243

APPENDICES

APPENDIX 1
Glossary
The following terms used in the text in relation to
soil moisture were taken from Aslyng et ale

1.

(1963).

Total potential of soil water
The amount of work that must be done per unit quantity of

pure water in order to transport reversibly and isothermally
an infinitesimal quantity of water from a pool of pure water
at a specified elevation at atmospheric pressure to the soil
water.

It may be convenient to shorten the term to total

potential or soil water potential and to divide it into divisions to be such that the sum of the divisions equal the total
potential.
1.1

osmotic potential - The amount of workAmust be done

per unit quantity of pure water in order to transport reversibly and isothermally an infinitesimal quantity of water from

a pool of pure water at a specifieq elevation at atmospheric
pressure~

to a pool containing a solution identical in com-

position with the soil water but in all other respects identical
to the reference pool.
1.2

Gravitational potential - The amount of work that

must be done per unit ,quantity of pure water in order to transport reversibly and isothermally an infinitesimal quantity of
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water from a pool containing a solution identical in composit-

ion to the soil water at a specified elevation at atmospheric
pressure to a similar pool at the elevation of the point u-nder
consideration.
1.3

Matric or capillary potential - The amount of work

that must be done per unit quantity of pure water in order to
transport reversibly and isothermally an infinitesimal quantity
of water from a pool containing a solution identical in com-

position to the soil water at the elevation and the external
gas pressure of the point under consideration to the soil water.
1.4

Potential due to external gas pressure - This potent-

ial component is to be considered only when external gas
pressure differs from atmospheric pressure, e.g. in a pressure
membrane apparatus.

A specific term and definition is not

given.

2.

Water content
The amount of water lost from the soil upon drying at

105

0

,

expressed either as the weight of water per unit weight

of dry soil or as the volume of water per unit volume g soil in
bulk.
The following terms in the text in relation to soil
properties were taken from Hanks and Ashcroft (1980).
2.1

Soil bulk density - Bulk density is defined as the

mass (weight) of a unit volume of dry soil (including solids
and pores) .
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2.2

Field capacity or holding capacity - The field

capacity is the unique water content that a given soil reaches
and maintains after it has been thoroughly wetted and allowed
to drain freely for a day or two.
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APPENDIX 2
Agar Media used in Laboratory Studies on Aphanomyces euteiches
1.

Basal Medium (BM)
(ref. Sommers et al.
Na HP0
2
4
KH Po 4
2
MgS0
4
NaCl

0.75 g

NH 4 Po

0.40 g

0.75 g
0.12 g
0.10 g

3
Glucose

1. 80 g

Yeast extract

0.10 g

Malt extract

1.00 g

Bactor agar

15.00 g

Water

1000 ml

pH
2.

1970)

6.4

Corn Meal Agar (CMA)
(ref. Gibco Diagnostics, Madison, Wisconsin, USA)

3.

Cornmeal agar

17.0 g

Distilled water

1000 ml

Potato Dextrose Agar (PDA)
(ref. Difco Laboratory Incorporated, Detroit, Michigan,
USA)
Potato dextrose agar
Distilled water

39.0 g
1000 ml

Preparation of Stain (c..MI \QS3)
Lactophenol - Phenol (pure crystals)
Lactic acid (SG 1.21)
Glycerol
Water
Cotton Blue Lactophenol Stain
- Anhydrous lactophenol
Distilled water
Cotton blue or trypan blue

20
20
40
20

g
g
g
ml

6.70 ml
20.0 ml
0.1 g
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APPENDIX 3
List of Pesticides mentioned in the Text (Pest. Manual \"S3)
Common name

Chemical name

Trade name(s)

benomyl

methyl l-(butylcarbamoyl)
benzimidazol-2-ylcarbamate

Benlate

carbon disulfide

carbon disulfide

Carbon disulfide

chloronitropropane

l-chloro-2-nitropropane

Lanstan

dazomet

tetrahydro-3,5-dimethyl2H.l, 3,5-thiadiazine
-2-thione

Basamid

dinitramine

N' ,N'-diethyl-2,6-dinitro4-trifluoromethyl-rrr
phenylenediamine

Cobex

dinoseb

2-(1-methylpropyl)-4,6dinitrophenol

'Premerge' (Dow)

fenaminosulf

sodium 4-dimethylaminebenzene-diazosulphonate

Lexall, Dexon, Bayer

hymexazol

5-methylisoxazol-3-ol

Tachigaren

metalaxyl

methyl N-(2-methoxyacetyl)-

TN Apron, Ridomil
and Fubol
(mixture with
mancozeb)

N-(C2,6-xylyl)-DL~alaninate

5072

metham-sodium

sodium methyl dithiocarbamate

orxyzalin

3, 5 -d~n~tre N , N dipropylsulfanilamide

Ryzdan or
Surflan

pyroxychlor

2-chloro-6-methoxy-4trichloromethylpyridine

Dowco 269

pyroxyfur

2-chloro-6-(2-furanylmethoxy)
-4-(Trichloromethyl)
pyridine

Dowco 444

Trifluralin

2,6-dinitro-N,N-dipropyl4-trifluoromethyllaniline

Treflan'; Elancolan

..

4

4

Vapam
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APPENDIX

Effect of pyroxyfur and metalaxyl seed treatments at two
soil inoculum levels on top dry matter yield (g/plant) of pea
cultivar Canterbury 39 affected by aphanomyces root rot at
four weeks after sowing.
Soil inoculum
(DSI)

Pyroxyfur
(rate)

50

100

Metalaxyl (rate)
MO

ML

MH

PO

0.24

0.38

0.38

PL

0.38

0.29

0.39

PH

0.04

0.42

0.28

PO

0.15

0.28

0.15

PL

0.18

0.24

0.16

PH

0.26

0.39

0.30

0.022
0.04

Sx
LSD (0.05)

APPENDIX 5

Effect of pyroxyfur and metalaxyl seed treatments at two soil
inoculum levels on total dry matter yield (g/plant) of pea cultivar Canterbury 39 affected by aphanomyces root rot at four weeks
and eight weeks after sowing.
4 weeks
Soil inoculum
(DSI)
50 .

100

Pyroxyfur
(rate)

8 weeks

Metalaxyl (rate)

Metalaxyl (rate)

MO

ML

MH

MO

ML

MH

PO
PL
PH

0.36
0.53
0.60

0.53
0.49
0.68

0.59
0.70
0.47

0.68
0.74
0.69

0.65
0.79
0.56

0.66
0.72
0.69

PO
PL
PH

0.22
0.25
0.41

0.40
0.34
0.55

0.21
0.23
0.42

0.45
0.79
0.77

0.69
0.44
0.79

0.85
0.55
0.53

Sx
LSD (0.05)

0.032
0.05

0.103
0.17

249

':iJ 0.6

a

~

L
H

cO

.--l

Cl!

""tJ1
'd

.-\

MU------:~

0.4

OJ

.r!

::>t

ML.~~:

l-l
OJ
.iJ

~)

cO

s

nil
low rate
high rate

0.2

Sx

:z:

MOe

::>t
l-l

0

0.0

PO

Appendix 6:

I

I

PL

PH

Interaction between pyroxyfur (p) and metalaxyl (M)
with three concentration levels on top dry matter
yield of pea cultivar canterbury 39 at four weeks
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(Overall means deLLved from DSI 50 and 100)
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APPENDIX 8
Effect of pyroxyfur and hymexazol seed treatments at two soil
inoculum levels on top dry matter yield (g/plant) of pea cultivar canterbury 39 affected by aphanomyces root rot at four weeks
and eight weeks after sowing.
Soil inoculum
(DSI)

4 weeks
8 weeks
Pyroxyfur ---------------------------------------------(rate)
Hymexazol (rate)
Hymexazol (rate)
HO

HL

HH

HO

HL

HH

50

PO
PL
PH

0.21
0.39
0.42

0.29
0.26
0.28

0.35
0.34
0.48

0.35
0.41
0.54

0.31
0.50
0.47

0.31
0.43
0.31

100

PO
PL
PH

0.15
0.18
0.26

0.28
0.29
0.29

0.26
0.29
0.29

0.32
0.57
0.35

0.38
0.30
0.47

0.43
0.33
0.41

Sx
LSD (0.05)

0.021
0.04

0.080
0.13

APPENDIX 9
Effect of pyroxyfur and hemaxazol seed treatments at two soil
inoculum levels on total dry matter yield (g/plant) of pea cultivar Canterbury 39 affected by aphanomyces root rot at four and
eight weeks after sowing.
4 weeks
Soil inoculum
(DSI)

Pyroxyfur
(rate)

8 weeks

Hymexazol (rate)

Hyrnexazol (rate)

HO

HL

HH

HO

HL

HH

50

PO
PL
PH

0.31
0.59
0.63

0.42
0.43
0.49

0.55
0.49
0.70

0.59
0.87
0.76

0.52
0.83
0.75

0.57
0.66
0.55

100

PO
PL
PH

0.22
0.25
0.42

0.37
0.45
0.42

0.37
0.45
0.45

0.45
0.79
0.77

0.69
0.44
0.79

0.85
0.55
0.53

Sx
LSD (0.05)

0.031
0.05

0.103
0.17

