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ABSTRACT

Soil sampleswerecollected from 18 peacropping sitesin Canterbury
and tested for natural suppressiveness towards A phanomycesroot rot
of pea. Highly significant differences were found between soil types
and Aphanomyces inoculum concentration on root rot development.
Three soilsgave good suppression of disease. Bacterial isolationswere
made from soil samples and assayed for inhibition of mycelial growth
and zoosporegermination of A. euteichesusingin vitro assays. Twenty
seven isolates significantly inhibited mycelial growth and, of these, a
total of nineal soinhibited zoosporegerminationintwo separateassays.
K eywords: bacteria, biological control, pea, suppressive soil.

INTRODUCTION

Common root rot of peas, caused by Aphanomyces euteiches Drechsler, has been
reported in most pea growing areas of North America, northern Europe, Australia,
Japan and New Zealand and is one of the most destructive diseases of peasworldwide
(Pfender 1984). It was first detected in New Zealand in the 1977-78 growing season
near Nelson (Manning and Menzies 1980). Subsequently, the diseasehas been found
in Canterbury, Hawke' sBay, Horowhenuaand Marlborough. Annual yield lossesare
estimated at 10% worldwide (Pfender 1984); however, under disease conducive
conditions complete crop losses are not uncommon.

Despite extensive efforts to devel op suitable control methods for Aphanomyces
root rot, to date the only effective control isto avoid planting peacropsin moderately
to heavily infested soils. Inoculum (oospores) of the pathogen can persist in infected
plant debrisin the soil for aslong as 10 years (Pfender 1984) and can build up rapidly
in soil where peas are planted. This persistence in the soil excludes control through
crop rotation and alack of both economic fungicide control and resistant peacultivars
hasresulted in unavoidabl e crop losses and economic disadvantage to the grower and
industry. Inthe Canterbury region, asoil indexing serviceisprovidedtofarmerssothat
they may avoid planting peas in moderately to heavily infested areas.

Following the publication of several overseasreportsshowing effective control of
Aphanomycesroot rot with the use of microbial antagonists (Bowersand Parke 1993;
Parkeet al. 1991), and considering thelack of chemical and cultural control methods,
there appears to be merit in investigating the potential for biological control of
A. euteiches under New Zealand conditions. The objectives of this study were to
identify local soilssuppressiveto Aphanomycesroot rot, to isolate bacteriafromlocal
soils and to evaluate their ability to suppress the mycelial growth and zoospore
germination of the pathogen.
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MATERIALSAND METHODS

Screening soils for suppressivenessto root rot

Eighteen soils from the Canterbury region (Lincoln, Prebbleton, Leeston,
Aylesbury and Southbridge districts), which had recently been cropped with pea,
were evaluated for suppressiveness of Aphanomyces root rot. For each site, 15
polythene bags (PB3/4) werefilled with soil and four infected pea seedlings per bag
were planted (Walter et al. 1995). Roots and epicotyl regions of the seedlings were
dipped for 3 secondsinto azoospore solution of A. euteiches 1143 (isolated fromthe
roots of infected pea seedlings grown in disease indexing soil), produced using the
method of Mitchell and Yang (1966). Four infected pea seedlings were planted in
each of 15 polythene bags (PB3/4) filled with soil from each of the sample sites.
Control treatmentsconsi sted of washedriver sand. Threeratesof zoosporeapplication
wereevaluated for each soil (0, 500 and 10000 spores/ml). Pearoot rot was assessed
using a Disease Severity Index (Sherwood and Hagedorn 1958) based on a 0-4
disease rating (0 = healthy plant and epicotyl firm and white; 4 = epicotyl rotted
through or plant dead). Analysis of variance (ANOVA) was used to determine
effects between treatments.
Bacterial isolations

Bacteria were isolated from each soil site using a dilution plating technique.
From each site, two measures of soil, each weighing 1 g, were transferred into
Universal bottles and 10 ml of sterile Tween water (0.05% Tween 80 in sterile
distilled water) added. Universalswere shaken for 10 min on an orbital shaker (100
rpm) to fully disperse soil particles. Following shaking, samples were diluted six
timesin aten-fold series (ie. dilutions of 10°, 101, 10 - 10°® were made). At each
dilution, isolations of bacteria were made onto Kings medium (Difco) and nutrient
agar (NA; Gibco). Plateswereincubated at 20°C for 3 daysand al visibly different
bacteriawere streaked onto individual NA plates. | solates (total of 225) were stored
at 4°C.
Mycelial inhibition assay

Each bacterial isolatewaslooped fromtheNA plateand streaked acrossthesurface
of apotato dextroseagar (PDA; Difco) plate. Four replicateplugsof A. euteiches(7 mm
diameter PDA culture, grown for 5 d at 25°C in the dark) were placed onto each plate.
Plates were incubated at 20°C for 3 days and colony radii measured (mm). Controls
consisted of platesinoculated with A. euteichesa one. The experiment was duplicated
to determine reproducibility of results.
Zoospor e germination inhibition test

Twenty seven bacterial isolates were cultured overnight in Universal bottles
containing potato dextrose broth (Gibco), shaken at 100 rpm on an orbital shaker.
Bacterial colony forming units (CFU) in each stock solution were determined by
dilution plating onto NA plates and enumerating following overnight incubation at
30°C. In Experiment 1, for eachisolate, three 30l dropl ets of the stock solution were
pipetted onto PDA plates for each pre-colonisation time. The bacterial plates were
allowed to pre-colonise the agar for O, 4 or 8 h prior to inoculation of each bacterial
droplet with a 20 ul droplet of A. euteiches zoospore solution (5 x 10* spores/ml).
Control plates consisted of sterile water droplets inoculated with A. euteiches
zoospores at each concentration. Plates were incubated at 20°C for 3 d and assessed
for germination of A. euteiches. Each bacterial droplet was scored for the presence (1)
or absence (0) of A. euteichesand the scorestallied for each isolate. A potential score
of 9 was possible provided all A. euteiches droplets germinated (ie. no germination
inhibition occurred). In arepeat experiment, Experiment 2, each isolate was cultured
overnight, the CFU/ml of stock sol ution determined, and thendiluted six timesinaten-
fold manner. For eachisolate, three 30l droplets of the stock solution and each of the
six dilutionswerepipetted onto PDA platesfor each pre-col onisationtime. Plateswere
inocul ated with zoospores, grown and assessed (total scoresrecorded for eachdilution
at each pre-colonisationtime) asin Experiment 1. Anexampleof how eachisolatewas
scored is given in Table 1. A potential score of 63 was possible provided all A.
euteiches droplets germinated.
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TABLE 1: Samplelayout for scoringbacterial isolatesfor zoospor eger mination

inhibition.
Bacterial pre-colonisation time
Isolate 0 Hours 4 Hours 8 Hours Total
# Dilution 1' 2 3 2 3 2 3
18  Stock 0 0 0 0 0 0 0 0 0
101 0 0 0 0 0 0 0 0 0
102 1 1 1 1 1 1 0 0 0
103 1 1 1 1 1 1 1 1 1
104 1 1 1 1 1 1 1 1 1
10° 1 1 1 1 1 1 1 1 1
106 1 1 1 1 1 1 1 1 1
Subtotal 15 15 12 42
IReplicate 1, 2 or 3
RESULTS

Screening soils for suppressivenessto root rot

Highly significant differences were found between soil types and between
inoculum concentration on pea root rot (Figure 1). Three soils were found to be
suppressive to Aphanomycesroot rot: Soil 1, from D. Lemon’sfarm at L eeston; soil
4fromthe Kimihiaresearch station (G block) at Lincoln; and soil 12from S. Lemon’s
farm at Southbridge. Soils 1 and 4 suppressed disease (as measured by the disease
severity index) by more than 50% at the highest zoospore application concentration
(10000 spores/ml). Soil 12 suppressed disease by 35% at the highest zoospore
applicationrateand by 82.5% at 500 spores/ml. Disease occurredin several soils(soils
13-18) when no inoculum was added, indicating natural infestation by A. euteiches.

Disease Severity Index (%)

10 000 spores/ml
500 spores/ml
0 spores/ml

FIGURE 1: Effect of soil typeand Aphanomyces euteichesinoculum (zoospor €)
concentration on pear oot rot. Diseaseseverity index asdescribed by
Sherwood and Hagedorn (1958).
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Mycelial inhibition assay

Data from the mycelia inhibition assay are summarised in Table 2. Of the 58
isolates expressing high inhibition intensity, 27 isolates were found to reproducibly
inhibit fungal growth in duplicate assays. These isolates were selected for zoospore
germination inhibition testing.

TABLE 2: Inhibition of mycelial growth of Aphanomyceseuteiches1143 by soil

bacteria.
Degree of inhibition® Number of bacterial isolates
Nil-low  (0-10%) 115
Medium  (10-50%) 52
High (>50%) 58

1 Inhibition relative to mycelial growth on control plate.

TABLE 3: Scoresfor test bacteria against A. euteiches zoospor e ger mination.
L ower scorescorrelatetogr eater suppression of A. euteicheszoospor e
germination and growth.

Experiment 1 Experiment 2
Isolate number ~ CFUYm Total Score? CFU3m Total Score?
1 107 9 107 63
2 107 9 108 63
3 107 0 108 63
4 107 9 10° 63
5 108 9 108 63
6 108 9 10° 57
7 108 9 107 56
8 107 1 10° 62
9 107 0 108 24*
10 108 0 10° 28*
11 107 1 108 27*
12 108 9 108 49
13 108 9 10° 63
14 107 9 108 42
16 107 9 107 63
17 108 9 106 63
18 107 9 108 42
19 107 9 107 57
21 108 9 108 63
22 107 9 10* 63
23 107 9 107 60
24 108 9 107 63
25 108 9 108 63
27 107 3 106 50*

1 Bacterial colony forming units.

2 Number of droplets from which hyphae of A. euteiches grew. Maximum score (no
suppression) for Exp 1is9 and for Exp 2 is 63.

3 Bacterial colony forming unitsinthe stock solution only (fromwhich serial dilutions
were made.

* Selected for further evaluation.
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Zoospor e germination inhibition test

Of the 27 bacteriatested at stock concentration (Table 3) in thefirst experiment,
only 6 isolates (strains 3, 8, 9, 10, 11 and 27) suppressed zoospore germination after
3daysincubation. When bacteriawere eval uated at six ten-fold dilutions (Experiment
2) from the stock solution, isolates 9, 10, 11, 12, 14, 18 and 27 were suppressive to
zoospore germination (Table 3). Bacteria isolates 9, 10, 11 and 27 were able to
repeatedly inhibit zoospore germination of A. euteiches 1143, and hencewere sel ected
for further evaluation. Bacterial isolates 3, 8, 12, 14 and 18 failed to produce consi stent
inhibition across both assays. This may have been due to different initial bacterial
concentrationsin the stock solutions between assays. Bacterial isolates 15, 20 and 26
failed to grow in the zoospore germination inhibition assay.

DISCUSSION

Natural soils suppressive to Aphanomyces root rot have been reported and
attempts made to determine the nature of suppression (Worku and Gerhardson 1996;
Oyarzanetal. 1997). Insomeinstances, the suppression wasthought tobebiologically
based as it was removed by heat treatment (Worku and Gerhardson 1996). Of the 18
Canterbury soils tested in this study, three exhibited a natural suppressiveness to
Aphanomyces root rot under glasshouse conditions, although the nature of the
suppression was not determined. Soils taken from similar localities (eg. different
blocks of the samefarm) ranged from being di sease suppressiveto disease conducive,
indicating that soil type did not represent amajor factor in disease suppressionin this
study. Suppression in these soils may, therefore, be based on farm management
practices (such as previous cropping history or fertiliser applications) or differences
inbiological composition. Further work needsto be carried out to determinethebasis
of suppressivenessin these soils.

Twenty seven of the 225 bacteria isolated from the soil samples were found to
reproducibly inhibit mycelial growth of A. euteichesin dual-culture assays. Inhibition
zones on dual culture plates usually result from production of chemicalsinhibitory to
the growth of the pathogen. Our results are consistent with the antibiosis mode of action
proposed for bacteriaso far reported to control A. euteiches (Heungensand Parke 1997,
Carrutherset al. 1994). Bacterial biological control agents antagonistic to the mycelia
growth of A. euteiches may be able to inhibit ectotrophic hyphal growth along the pea
root prior to penetration and colonisation of the root and thus reduce disease.

Of those isolates which effectively inhibited mycelial growth, only four isolates
(isolates9, 10, 11, and 27) were able to reproducibly inhibit zoospore germination. It
islikely that thefailure of several bacterial isolates(3, 8, 12 and 14) toinhibit zoospore
germination in one of the two experiments was due to insufficient inoculum (as stock
solution CFU). These bacteria need to be re-evaluated for their ability to inhibit
zoospore germination. The identity of the bacterial isolatesis, at present, unknown.

Bacteria selected for further evaluation (isolates 9, 10, 11 and 27) were obtained
from disease conducive soils. For example, soil 11 yielded three isolates (isolates 9,
10and 11) antagonistic to A. euteiches. Soils conducive for disease should, therefore,
not bediscounted aspotential sourcesfor bacterial biological control agents. Populations
of suppressive bacteriawere possibly not high enough in the disease conducive soils
to control disease.

By inhibiting both zoospore germination and mycelial growth along theroot, itis
hoped that biological control agents may be able to better inhibit Aphanomyces root
rot diseasein peas. The best isolatesfrom thein vitrotestswill, therefore, be assessed
for their ability to suppress Aphanomycesroot rot disease of peasin aglasshousetrial.
| solates exhibiting good disease control will beidentified to specieslevel and further
studied to determine a biological basis for control.
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