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Abstract

Little is known about the epidemiology of Phoma koolunga, a component of the
ascochyta blight complex of field pea in southern Australia. The aims of this research
were to investigate seed infection, efficacy of fungicides as seed dressings and the
reaction of current field pea genotypes to this fungus. The frequency of isolation of P.
koolunga from seed samples from South Australia, Victoria and Western Australia
ranged from O to 6 %. Disease was transmitted to 98 % of seedlings that emerged from
artificially inoculated seeds (AIS) in growth room conditions. Seedling emergence rate
from AIS was lower at 8 °C than at 12, 16 and 20°C, and necrotic index was greater at
the lower temperature. P-Pickel T® and Jockey Stayer® were the most effective
fungicides for reducing disease incidence and severity on seedlings emerged from AIS
sown in soil and on germination paper, respectively. The response of 12 field pea
genotypes to one isolate of P. koolunga was assessed by spraying plants with
pycnidiospore suspension in controlled conditions and examining symptoms from 3 to
21 days post-inoculation (dpi). Genotypes Sturt, Morgan and Parafield showed more
severe disease on the lowest three leaves than the other genotypes at 21 dpi. In another
experiment, four genotypes of short, semi-leafless type field peas were inoculated with
three isolates of P. koolunga which differed in virulence and assessed as described
above. Kaspa showed significantly less disease than Morgan or WAPEA2211 at 21 dpi.
Isolates of P. koolunga differed in aggressiveness based on % leaf area diseased until 14

dpi, but differences were not significant at 21 dpi.

Keywords Seed-borne, Pisum sativum, ascochyta blight, disease severity, seed

treatment, resistance



34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Introduction

Ascochyta blight is one of the most important diseases of field pea (Pisum sativum L.)
worldwide, including Australia, where it is estimated that crops suffer 15 % annual
yield loss and up to 75 % in severe cases (Bretag et al. 2006; Salam et al. 2011a). This
disease is caused by a number of closely related fungi, Didymella pinodes
(Mycosphaerella pinodes), Phoma medicaginis var. pinodella, Ascochyta pisi and the
recently characterised Phoma koolunga (Davidson et al. 2009).

D. pinodes, P. medicaginis var. pinodella and A. pisi are seed-borne (Bretag et al.
1995). Although seed infection by these pathogens rarely results in ascochyta blight
epidemics (Moussart et al. 1998; Tivoli & Banniza 2007), the use of infected seed
usually leads to poor germination and death of seedlings due to foot rot (Wallen et al.
1967; Xue 2000) or symptoms at or below the soil surface, especially at low
temperature (Moussart et al. 1998). Nevertheless, the movement of infected seed not
only spreads the fungi over long distance, but also has potential to disseminate
compatible mating types of heterothallic fungi which could lead to the formation of
teleomorphs in nature and increase the risk of development of new, virulent pathotypes
(Kaiser 1997; Tivoli & Banniza 2007). Therefore, it is recommended that seed for
sowing be accessed from areas with dry conditions or harvested as early as possible to
avoid infection of seed (Hawthorne et al. 2012).

P. koolunga is not known to be seed-borne however isolates of Macrophomina
phaseolina, which were reported to cause symptoms characteristic of ascochyta blight
on field pea (Ali and Dennis 1992), but may have been P. koolunga (Davidson et al.

2009), were seed-borne (Ali et al. 1982).

As seedling emergence rate and or vyield are negatively correlated with the

percentage of seeds infected (Gossen et al. 2010; Xue 2000), treatment of seed with



59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

fungicides is an approach to reduce primary inoculum and seed to seedling transmission
of ascochyta blight. Fungicides with the active ingredients thiram and thiabendazole,
such as P-Pickel T®, Fairgro® and Reaper TT®, have been recommended to control
ascochyta blight seed infection in pulse crops as well as seedling root rot for early sown
fields or those in the vicinity of infested stubble (Hawthorne et al. 2010; Hawthorne et
al. 2012; Kimber & Ramsey 2001). However, little is known about the efficacy of
fungicide seed dressings in control of ascochyta blight caused by P. koolunga.

The development of ascochyta blight resistant field peas would be the most
economical and long-term approach to control this disease but, despite considerable
research, current genotypes are susceptible (Adhikari et al. 2014; Bretag et al. 2006;
Davidson & Kimber 2007; Schoeny et al. 2007). Richardson et al. (2009) observed a
significant interaction between 31 field pea genotypes and single isolates of ascochyta
blight pathogens, including P. koolunga, for disease incidence and severity using a
detached leaf method, but details were not reported. Evaluation of the response of
current and new field pea genotypes to a range of isolates of P. koolunga is lacking.

The aims of this study were to investigate (i) aspects of seed infection in relation to
P. koolunga, such as whether the fungus can be seed-borne and transmitted from seed to
seedling, (ii) the most effective fungicides for seed treatment, (iii) the response of a

number of current genotypes of field pea to inoculation with isolates of P. koolunga.

Materials and methods
Seed infection experiments

Confirmation of seed infection by P. koolunga

Field pea seed samples (cv. Kaspa) were collected in 2010 from the following sources;

18 National Variety Trials (NVT) in South Australia (SA), Victoria (Vic.) and Western
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Australia (WA), nine agronomy trials with three times of sowing in SA (Davidson et al.
2013) and four Pulse Breeding Australia (PBA) trial sites in SA. A modified agar plate
method (Ali et al. 1982) to isolate seed-borne fungi was used to determine percentage of
seed in each sample infected by P. koolunga. In brief, three replications of 100 seeds
from each sample were surface sterilised in 2 % sodium hypochlorite solution for 2
minutes then dried on sterile filter paper. Ten seeds were placed in each plate contained
potato dextrose agar (PDA) amended with 100 pgL™? streptomycin. Plates were
incubated at 22 °C under fluorescent and near ultraviolet light; 12 h/12 h dark/light, for
up to 21 days. The resulting colonies were identified P. koolunga based on
morphological and microscopic cultural characteristics (Davidson et al. 2009) or DNA
test (Ophel-Keller et al. 2008) when required.

The same procedure was applied to examine infection of seed harvested from
severely diseased, experimental potted field pea plants kept outdoors at Waite Campus,
South Australia in November 2011. These plants had been artificially inoculated with
mixed pycnidiospore suspensions (5x10° spores mL™?) of four isolates of P. koolunga,
139/03, 142/03, 81/06 and FT07026, until run off at 3 weeks post-sowing. The

inoculation process was repeated three times at 6-day intervals.

Examination of seed to seedling transmission of P. koolunga

Artificially inoculated seed (AIS) of field pea (cv. Kaspa) were prepared as described
by Kimber et al. (2006). Briefly, surface sterilized seeds were submerged in mixed
pycnidiospore suspension (1x107 spores mL™?) of P. koolunga isolates 139/03, 142/03,
81/06 and FT07026, in a 2-L beaker within a 25-cm Kartell® implosion-proof
desiccation bowl. The suction pressure was adjusted to -70 kpa and applied for 3 h.

Seeds were dried on sterile germination paper for 24 h in sterile conditions and stored at
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4 °C until use. Control non-inoculated seed (NIS) were prepared as above except that
water was used instead of spore suspension.

Seed to seedling transmission of P. koolunga was investigated using a method
adapted from Kimber et al. (2006). The experiment was conducted as a completely
randomised block design with four replications and was repeated once. Forty AIS and
ten NIS of cv. Kaspa were sown in University of California (UC) potting mix in
Arborcell Easy-grower 50® trays with 50 cells per tray (one replicate). The pots were
watered and maintained in a growth room under 12 h light/12 h dark at 16 °C. After 2
weeks, when seedlings were about 3 cm high, the pots were covered with a plastic tent
and an ultrasonic humidifier was applied for 4 days to maintain leaf wetness. Seedling
emergence and disease incidence were assessed 2 weeks later when plants had
approximately eight nodes. Foot rot and foliar disease severity were recorded using a 0
to 5 scale (Moussart et al. 1998): 0, no symptoms; 1, streaks on the hypocotyl or on the
epicotyl; 2, streaks on both the hypocotyl and the epicotyl; 3, lesions girdling the
hypocotyl and streaks on the epicotyl; 4, lesions girdling both the hypocotyl and the
epicotyl; and 5, weak plants with lesions girdling the hypocotyl and the epicotyl.

A necrotic index was calculated for each treatment by multiplying each disease score
by the number of seeds in that category, and then dividing by the total number of

germinated seeds (Moussart et al. 1998) as follows:

Necrotic index= Z?zo n;(d;)/N
n; refers to the number of seedlings in each disease category, di is the value of disease
category and N is the total number of seedlings assessed.

To study the development of disease on field pea plants infected via seeds, a similar

experiment was conducted using the same design and number of plants as above except
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that the necrotic index was assessed 21 weeks after sowing, at physiological maturity,

code 301 (Knott 1987) when lower pods were dry.

Effect of soil temperature on seed to seedling transmission of P. koolunga

The seed to seedling transmission rate of P. koolunga, necrotic index and lesion length
on basal parts of field pea plants were studied at four soil temperatures (8, 12, 16 and 20
°C) as described by Kimber et al. (2006). Briefly, the experiment comprised a
randomised complete block design, with five trays, each containing 20 seeds. Each
temperature was tested twice. Temperature affected the growth rate of the plants so
plants in cooler temperatures were incubated for longer than those at warmer

temperatures to enable all plants to reach the eight-node growth stage for assessment.

Comparison of fungicides as seed treatment in soil or on germination paper

The efficacy of six fungicidal seed treatments, registered in Australia for use on pulse
crops, was examined. The fungicides are listed here as product name (active ingredient)
and dose per kg seed: P- Pickel T® (360 gLt thiram, 200 gL thiabendazole) 2 mL,
Thiram® (thiram 600 g/kg) 1.4 g, Jockey® Stayer™ (167 gL fluquinconazole) 20 mL,
Rovral® (500 g/kg iprodione) 5 mL, Impact® (500 gL flutriafol) 3 g and Sumisclex®
500 (500 gL procymidione) 2 mL (Hawthorne et al. 2010; Sprague & Burgess 2001).
NIS and AIS were included as controls. A method reported by Kimber and Ramsey
(2001) using germination paper was applied to examine efficacy of these fungicides to
control seed-borne P. koolunga. Each fungicide was used separately to treat 80 seeds of
cv. Kaspa and the seeds were placed on sheets of germination paper (50 cm long and 20
cm wide) in two rows 2 cm apart, the top row 5 cm below the upper edge of the paper.
There were 20 seeds per sheet. The germination papers were rolled up and fastened by

rubber bands, then placed upright in plastic bags with 5 mL water at the bottom which

7
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were sealed and incubated at room temperature (22 °C) in the dark for 2 weeks (Kimber
& Ramsey 2001). The experiment was designed as a completely randomised block with
eight treatments and four replications, each with 20 seeds, and was conducted twice.

Germination rate and necrotic index were assessed as described above.

The six fungicides were also tested in a pot experiment conducted as completely
randomised blocks with six replicates in a growth room at 14-16 °C. Every block
comprised eight pots (7 x 8.5 x 5.5 cm) containing UC potting mix, six of which were
sown with four AIS dressed with a fungicide each, one pot per fungicide. NIS or AIS
with no fungicide treatment were sown in the remaining pots as negative and positive
controls, respectively. The pots were randomized in each block and watered
immediately after sowing and thereafter when needed. Other conditions and disease
assessment at eight nodes growth stage were as described for the seed to seedling

transmission experiment. This experiment was conducted twice.

Reaction of field pea genotypes to P. koolunga isolates

The response of 12 field pea genotypes to one moderately virulent isolate of P.
koolunga, 139/03 (Davidson et al. 2009), was evaluated in an experiment comprising
four replicate blocks. Every block comprised three trays each with 12 pots. Each
genotype was planted in a separate pot, four seeds per pot, within each block. The pots
were then placed in a growth room at 15 + 1 °C with 12h/12h light/dark cycle. The
plants were watered every 2 days. When all plants had at least four nodes, they were
sprayed until run-off with a spore suspension (5x10° spores mL*. Control plants were
sprayed with sterile distilled water. All plants were placed in a humidity tent with a
humidifier for 2 days after inoculation. Disease severity on the lowest three leaves of

each plant was recorded at 2-day intervals starting at 3 days post-inoculation (dpi) to 11
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dpi and then, due to fragility of plants, assessment was done at 5-day intervals
concluding 21 dpi based on the 0-5 scale of Onfroy et al. (1999) and also as percentage
of leaf area diseased (%LAD) (Priestley et al. 1985) at 16 and 21 dpi. Stem lesion
length (mm) on internodes 2-4 was also recorded at 21 dpi. The Area Under Disease
Progress Curve (AUDPC) for each genotype was calculated using the formula of Shaner
and Finney (1977) as follows:

AUDPC =" [(Yins + Y0 /21 Ti1 — T}

Yi = disease severity at the ith recording, Ti = days at the ith recording and n = total
number of disease recordings. AUDPC of field pea genotypes inoculated with P.
koolunga in this experiment was calculated at 21 dpi based on the 0-5 disease scale
recorded from 3 to 21 dpi. To standardise, relative area under disease progress curve
(RAUDPC) was calculated as AUDPC divided by the number of days from inoculation
to recording of disease severity for the desired RAUDPC (Fry 1978).

In the second experiment, four genotypes of short, semi-leafless type field peas that
differed in susceptibility to P. koolunga isolate 139/03 were inoculated with three
individual isolates of P. koolunga exhibiting low, medium and high virulence according
to Davidson et al. (2009). Methods were as above except that the trial design consisted
of three blocks each comprising four trays. Each tray contained three pots of each
genotype and the whole tray was inoculated with one isolate. Control trays were
inoculated with sterile water. Disease severity was assessed as %LAD at 2-7 days
intervals, ending at 21 dpi. Stem lesion length (mm) was assessed at 21 dpi. AUDPC

and RAUDPC were calculated for each genotype/isolate combination.

Statistical analysis
Results for repetitions of individual experiments were combined, because t-tests showed
no significant difference between repetitions. For the experiment involving the reaction

9
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of plant genotypes to the fungus, as the control plants were not diseased, these data were
omitted from the analysis and the experiment analysed as a randomized block. The
results for all experiments were subjected to one-way analysis of variance using
GenStat 15" edition SP2, except that two-way ANOVA was used to examine the
reaction of four field pea genotypes to three isolates of P. koolunga. Tukey's honestly
significant difference test at 95 % confidence intervals was applied to compare means in

each experiment.

Results

Confirmation of seed infection by P. koolunga

Most field pea seed samples collected in 2010 from pulse cropping areas in SA, Vic.
and WA were infected by ascochyta blight pathogens, mostly Didymella pinodes. P.
koolunga was isolated from most NVT samples from Vic. and SA but not from WA,
and from all PBA seed samples from SA (Table 1). Although the identification of P.
koolunga was based mainly on microscopic and morphological characteristics of
cultures, non-sporulating atypical colonies of P. koolunga were obtained and identified
by DNA testing. The frequency of isolation of P. koolunga from NVT seeds ranged
from 0 to 6.3 % and from PBA seeds from 0.3 to 5 %. P. koolunga was also isolated
from seeds harvested from agronomy trials with three times of sowing, most frequently
from plants sown early (30" April 2010) and least from plants sown late (11" June
2010). The seeds harvested from severely diseased plants that had been artificially
infected and grown at Waite Campus showed the most frequent infection, P. koolunga

being isolated from 36 % of seeds.

Examination of seed to seedling transmission of P. koolunga

10
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Seeds artificially inoculated with conidial suspension of P. koolunga and maintained at
16 °C showed a transmission rate to seedlings of about 98 %. The average necrotic
index calculated for the seedlings with eight nodes was 1.89, as most seedlings had
streaks on both hypocotyl and epicotyl (Fig. 1). This average increased to 3.32 at
physiological maturity due to development of lesions girdling the hypocotyl and the
epicotyl on more than 53 % of plants. Streaks at physiological maturity ranged from 9
to 51 mm long, with mean of 25.1 mm, and were dark and necrotic. A few infected
seedlings were scored 5 as they remained very short, about 7 cm, and weak with lesions
girdling the epicotyl and hypocotyl. Many pycnidia were observed on root systems or
crowns, and sometimes 20 cm above the cotyledons, on 60 % of plants. Tall plants
lodged onto soil or against lower infected parts of plants, allowing the fungus to infect

on aerial parts.

Effect of soil temperature on transmission

There was no effect of inoculation on germination (P = 0.05), although at 8 °C
germination was reduced from 97 % to 90 %. More than 29 % of seedlings from AIS at
8 °C had lesions which girdled the hypocotyl and or the epicotyl and more than 3 % of
seedlings were weak with lesions girdling both the epicotyl and hypocotyl. These plants
were usually stunted, 7-9 cm, compared to 23 cm for healthy control plants. Lesions on
roots and crowns were longer on seedlings at 8 °C than at other temperatures (Fig. 2),
while no statistical difference was observed in lesion length on seedlings at 12, 16 and
20 °C. Necrosis on seedling roots based on the 0-5 necrosis index at 8 °C was also
significantly more severe than at other temperatures. Many pycnidia were seen on most
decayed seed coats of AIS in soil at 8 °C at the time of recording disease severity while

very few pycnidia were found at other temperatures.
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Comparison of fungicides as seed treatment in soil or on germination paper

All fungicide treatments in potting soil reduced disease incidence and necrosis
compared with the untreated AIS control (Fig. 3a). Disease incidence and necrosis on
seedlings that emerged from untreated AIS (positive control) were 97 % and 1.68,
respectively, whereas all seedlings from NIS (negative control) were healthy. There
were no significant differences among fungicides in terms of disease incidence, whereas
P-Pickel T® was more effective than Sumisclex® and Jockey Stayer® (P = 0.05) and as

effective as the remaining three fungicides in reducing necrosis.

The efficacy of fungicidal seed treatments examined on germination paper differed
from that in potting soil (Fig. 3b). Seedlings from AIS treated with Jockey Stayer® and
rolled in germination paper were symptomless. The efficacy of P-Pickel T®, Rovral®
and Thiram® was statistically similar to Jockey Stayer® based on disease incidence and
necrosis. Impact® was less effective than the other fungicides, except Sumisclex®, for
reducing disease incidence. All seedlings from NIS were symptomless and all from AIS
without fungicide treatment were diseased. All seedlings germinated from AIS without
fungicide treatment showed hypocotyl infection and 54 % also showed symptoms on

the first internode, 21 % on second internode, 38 % on scale leaf and 8 % on first leaf.

Reaction of field pea genotypes to P. koolunga isolates

In the first experiment, the genotypes differed in reaction to P. koolunga isolate 139/03,
in that Sturt, Parafield, PBA Percy, Excell and Morgan were more severely diseased on
leaves than the others and WAPEA2211, PBA Wharton, PBA Oura, Kaspa and PBA
Twilight showed the least disease at 5 and 7 dpi (data not shown). The same trend in
reaction to this isolate was seen at 21 dpi in terms of AUDPC and %LAD (Fig. 4),

except that WAPEA2211 showed a greater increase in %LAD than the other genotypes

12
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and was one of the more susceptible genotypes at 21 dpi. Field pea genotypes could be
grouped into several statistical categories (P = 0.05) on the basis of stem lesion length,
such that Morgan was most severely affected, then Sturt and thereafter Excell, Parafield
and Moonlight. Although WAPEA2211 had relatively short internode lesions, lesion
length was not significantly different from those on PBA Wharton, PBA Twilight,

Kaspa, PBA Oura, PBA Percy and PBA Gunyah.

In the second experiment there was a significant interaction effect between isolate
and genotype (Fig. 5). Morgan was most severely diseased (P = 0.05) following
inoculation with DAR78535 based on RAUDPC, but was statistically similar to
WAPEA2211 for the other two isolates. Kaspa was least diseased (P = 0.05) for two
isolates but similar to PBA Gunyah for isolate DAR78535. Despite this interaction,
ranking of genotypes according to RAUDPC was the same or similar irrespective of the
isolate. At 3 and 5 dpi %LAD on Morgan was greater than on Kaspa, but WAPEA2211
and PBA Gunyah were statistically similar to both Morgan and Kaspa. Thereafter,
disease progressed more quickly on Morgan than on Kaspa; at 21 dpi 65 % of the leaf
area of Morgan was covered with lesions and 42 % on Kaspa. The three isolates of P,
koolunga differed in pathogenicity on leaves of the three genotypes early in the
experiment, for example FT07026 was most and DAR78535 least aggressive in terms of
%LAD at 3, 5, 10 and 14 dpi (P = 0.05), but they were statistically similar at 21 dpi.
Stem lesions at 21 dpi were longer on Morgan inoculated with 139/03 (P = 0.05) than
on the other three genotypes, and FT07026 and DAR78535 produced lesions on Morgan
that were longer than those on Kaspa (Fig. 6).

Discussion
P. koolunga was widely distributed but infrequent in seeds collected in SA and Vic.

Likewise, Davidson et al. (2009) isolated this pathogen from aerial parts of field pea

13
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plants in many cropping regions of SA from 1995 to 2007 and Davidson et al. (2011)
detected it in soil samples across SA and western Vic. The absence of P. koolunga from
seeds from WA is in agreement with Tran et al. (2014), who did not identify P. koolunga
among 1058 isolates of ascochyta blight pathogens from six locations in WA from 1984
to 1996, nor among 150 isolates from field pea leaves and stems in 2010, the year in
which WA seed samples examined in our study were harvested. The fact that 14 of the
16 SA seed samples yielded P. koolunga (0.3 - 6.3 % of seed per sample) supports the
report by Ali et al. (1982), in which 72 % of field pea seeds were reported to be infected
by M. phaseolina, now thought to have been P. koolunga (Davidson et al. 2009). The
decreasing incidence of infection of seed with later sowing in the agronomy trials in SA
reflects disease severity reported by Davidson et al. (2013) which, in turn, was
associated with rainfall and timing of ascospore release. More disease on plants is likely
to lead to greater pod and seed infection, hence early sown crops are more likely to
produce infected seed than later sown crops. The relationship between rainfall and seed
infection should be examined through experimentation in field conditions. As a
teleomorph has not yet been recorded for P. koolunga, infected seed may act as source
of primary inoculum to initiate disease in field pea cropping regions in Australia.

Plants arising from artificially inoculated seed developed lesions on the epicotyl and
hypocotyl that eventually girdled the stem base, a phenomenon often referred to as foot
rot, a common feature of the other ascochyta blight pathogens on field pea, particularly
P. medicaginis var. pinodella (Knappe & Hoppe 1995). Girdling increases the risk of
lodging and yield reduction. Gossen et al. (2010) reported that lodging was generally
more severe among plants that emerged from seed infected with D. pinodes when
incidence of seed infection was high. They also observed that seed infection with D.

pinodes can lead to reduced vyield in some instances. Therefore reduced seedling

14



325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

emergence due to P. koolunga at lower temperatures may impair establishment of plants
in the field and should be investigated.

The effects of temperature on transmission of P. koolunga from seed to seedlings
were generally in agreement with those presented by Moussart et al. (1998), in which
seedling emergence from AIS with D. pinodes at 8 °C was lower than at 13 and 20 °C.
The overall seed to seedling transmission rate at 8-20 °C in this study was 98 %, much
more frequent than the 31 % transmission rate from chickpea seed artificially inoculated
with 4. rabiei at 5 to 19 °C reported by Kimber et al. (2006). The necrotic indices for
D. pinodes reported by Moussart et al. (1998) on field pea seedlings at 8 and 12 °C were
higher than at 20 °C. Likewise, the most severe disease caused by P. koolunga on
epicotyl and hypocotyl of seedlings occurred at 8 °C. Gossen and Morrall (1986)
reported that disease incidence on seedlings that emerged from infected lentil seeds was
greater in cold than warm soil, which was attributed to the seedling epicotyl growing
away from the infected cotyledons in warmer conditions. This may be the case also for
transmission of P. koolunga from seed to seedlings of field pea as the growth period to
eight nodes growth stage at 8 °C was 10 weeks compared to 4 weeks at 20 °C.
Furthermore, the observation that more pycnidia of P. koolunga developed on epicotyls
and hypocotyls at lower temperatures concurs with findings by Moussart et al. (1998)
for D. pinodes.

P-Pickel T® is the fungicide most commonly recommended for treatment of pea seed
to prevent seedling infection due to ascochyta blight in Australia as well as for control
of seedling root rot (Hawthorne et al. 2012). P-Pickel T® was generally the most
effective of the six fungicides applied to treat seed infected with P. koolunga in soil.
Thiram® has been shown to increase seedling emergence from seed infected with D.

pinodes by 35-45 %, increasing yield compared with untreated seeds (Xue 2000), and
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Agrosol® (thiram + thiabendazole, similar to P-Pickel T®) increased field pea yield
more than Thiram® (Hwang et al. 1991). In the current study, seeds were submerged in
spore suspension of the fungus for 3 h, resulting in 100 % infection, much greater than
incidence of naturally infected seed. As a consequence, the fungicides may be more
effective when applied to naturally infected seeds in the field than to AIS in pots.
Although Jockey Stayer® controlled transmission of P. koolunga to seedlings on
germination paper, producing 100 % healthy seedlings from AIS, it was less effective in
soil, with 56 % disease incidence. This difference is not understood.

This study showed that P-Pickel T® and Thiram® can be used as seed dressings for
control of P. koolunga as well the other ascochyta blight pathogens without further
costs to farmers. P-Pickel T® is most effective for crops with a high risk of ascochyta
blight, for example where sown early, with a medium to high level of soil-borne
inoculum, or close to last year’s infested stubble as a source of wind-borne ascospores
or pycnidiospores (Hawthorne et al. 2012; Salam et al. 2011b). Although the percentage
of seed naturally infected with P. koolunga here was less than 10 %, seed harvested
from fields with a history of disease, particularly in years conducive for development of
disease, should be treated with a fungicide such as P-Pickel T®. Kimber et al. (2007)
demonstrated that when a susceptible variety is sown, even 1 % of infected chickpea
seedlings originating from seed infected with D. rabiei could act as foci for disease
dissemination and lead to 60 % yield loss in conducive conditions. In contrast, Bretag et
al. (1995), Moussart et al. (1998) and Gossen et al. (2010) found that seed infection was
not an important source of inoculum for epidemics, which Gossen et al. (2010)
proposed was due to low frequency of transmission of D. pinodes from seed to seedling.
Nevertheless, Gossen et al. (2010) demonstrated that it is crucial to avoid introducing D.

pinodes, even at a very low level of seed infection, to regions in Canada that are free of

16



375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

ascochyta blight or that experience this disease infrequently. This would also apply to P.
koolunga as the fungus is not prevalent in states of Australia other than SA and,
recently, WA and seed to seedling transmission appears to be frequent. Although P.
koolunga was not detected on field pea plants in WA before 2010, it was detected at
several locations in 2012 (Tran et al. 2014), far from the SA border. One explanation for
this rapid and broad distribution of P. koolunga to new areas in WA could be
transmission by infected seeds, as seed harvested in SA, particularly for new genotypes,
is sometimes transported to WA (Margetts, K., seednet.com.au, pers. comm., 2014).
Alternatively, P. koolunga may have been present in WA for some years but not
recognised. Therefore, the best measure to control long distance spread of this fungus is
to use healthy seed obtained from dry regions for sowing in areas uninfected or with
low infection. Furthermore, treatment of seeds with an appropriate fungicide such as P-
Pickel T® or Thiram® can provide sufficient protection against not only P. koolunga, but
also other ascochyta blight pathogens and seedling root rot pathogens.

Most of the genotypes assessed in this study have been marketed to Australian
farmers as moderately susceptible to ascochyta blight (Hawthorne et al. 2012), however
there was some variation in susceptibility to P koolunga. PBA Wharton, a newly
released genotype, PBA Oura, Kaspa and PBA Twilight, when inoculated with a
moderately virulent isolate of P. koolunga, exhibited less disease, based on %LAD, than
the other eight genotypes tested. Davidson et al. (2009) indicated that WAPEA2211 and
Kaspa at 7 dpi were less susceptible than Parafield to P. koolunga in controlled
conditions. Although WAPEA2211 has been claimed as the first breeding line
moderately resistant to ascochyta blight in WA and was used as a benchmark in a study
to compare susceptibility of new breeding lines to D. pinodes (Adhikari et al. 2014), the

lowest disease severity recorded by those researchers on this line naturally infected in
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field conditions was 5.1 on a scale of 0-9, while Kaspa was 6. However in our study,
AUDPC and stem lesion length on WAPEA2211 at 21 dpi were similar to Kaspa when
inoculated with a moderately virulent isolate of P. koolunga.

The numeric value of %LAD at 21 dpi was very similar to AUDPC (Pearson
coefficient R = 0.9075) for the 0-5 disease scale calculated over 3-21 dpi for each of the
genotypes assessed (Fig. 4), therefore it was concluded that %LAD provided an
accurate assessment of disease severity. In addition this assessment was quicker than
using the 0-5 scale, so was adopted in the second experiment. In the second experiment,
the genotypes varied in response to isolates of P. koolunga. Results for Morgan, the
most susceptible genotype of the four tested in this experiment, were similar to the first
experiment. Davidson et al. (2009) reported that severity of ascochyta blight on
WAPEA2211 inoculated with M. pinodes or P. koolunga was lower than other lines
tested at 7 dpi. In the current study, WAPEA2211 in both experiments showed reduced
susceptibility to P koolunga soon after inoculation, but after 10 dpi this effect
disappeared. Leaves on WAPEA2211 seedlings expanded more slowly than other
genotypes while the fungus progressed at a similar rate on all genotypes, so the percent
necrotic area on WAPEA2211 leaves increased at a greater rate than on other genotypes.
In this study, Morgan had the longest stem lesions at 21 dpi, regardless of
aggressiveness of the isolate, and the largest %LAD. Furthermore, Morgan was the
tallest genotype in our second experiment; consequently, this genotype may be at most
risk of girdling.

The pathogenicity of three isolates of P. koolunga on four genotypes differed in the
first 14 days after inoculation, in accordance with results presented by Davidson et al.

(2009), but by 21 dpi the difference in aggressiveness had disappeared. These isolates
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developed at different rates on leaves, but as the rate of leaf area expansion was lower
than disease progress, the differences in aggressiveness were not apparent after 14 dpi.

Tivoli et al. (2006) considered assessment of partial resistance in growth room
conditions to be more precise than in field conditions as the effect of environmental
conditions is minimised. Given that, in this study, the response of field pea genotypes to
inoculation with P. koolunga in two experiments was generally consistent and overall in
agreement with Davidson et al. (2009), it seems that screening in controlled conditions
is a valid method to identify genotypes with reduced susceptibility to this pathogen.
Further evaluation in field conditions in Australia is necessary to assess the effect of
environmental factors on response to P. koolunga.

The results of this research suggest that integrated strategies could improve
management of ascochyta blight caused by P. koolunga on field pea plants. These
strategies could include sowing of healthy seed, avoiding movement of infected seed to
P. koolunga-free cropping areas, dressing seed with fungicides such as P-Pickel T® and,
finally, choosing field pea genotypes with reduced susceptibility to this fungus.
Evaluation of seed dressing in field conditions at different sowing times, using
representative isolates of P. koolunga from SA, Vic. and WA on current and newly

released field pea genotypes in different rainfall cropping areas, is warranted.
Acknowledgements

This research was a part of the PhD project of the first author, supported by a
scholarship from Iranian Ministry of Science, Research and Technology. The authors
thank Dr R. Kimber and Mrs M. Krysinska-Kaczmarek for technical advice, and Dr

Herdina for DNA testing of samples.

References

19



448
449
450
451

452
453
454

455
456
457

458
459

460
461
462

463
464

465
466
467

468
469
470

471
472
473
474

475
476

477
478
479

480
481

482
483
484
485

486
487
488
489

Adhikari KN, Khan TN, Stefanova K, Pritchard | (2014) Recurrent breeding method
enhances the level of blackspot (Didymella pinodes (Berk. & Blox.) Vestergr.)
resistance in field pea (Pisum sativum L.) in southern Australia. Plant Breeding
133:508-514

Ali SM, Dennis J, (1992) Host range and physiological specialization of Macrophomina
phaseolina isolated from field peas in South Australia. Australi J Exp Agric 32,
1121-25

Ali SM, Paterson J, Croshy J (1982) A standard technique for detecting seed-borne
pathogens in peas, chemical control, and testing commercial seed in South
Australia. Australi J Exp Agric 22:348-352

Bretag TW, Keane PJ, Price TV (2006) The epidemiology and control of ascochyta
blight in field peas: a review. Aust J Agric Res 57:883-902

Bretag TW, Price TV, Keane PJ (1995) Importance of seed-borne inoculum in the
etiology of the ascochyta blight complex of field peas (Pisum sativum L) grown
in Victoria. Australi J Exp Agric 35:525-530

Davidson J, Kimber RE (2007) Integrated disease management of ascochyta blight in
pulse crops. Eur J Plant Pathol 119:99-110

Davidson JA, Hartley D, Priest M, Herdina, Krysinska-Kaczmarek M, Mckay A, Scott
ES (2009) A new species of Phoma causes ascochyta blight symptoms on field
peas (Pisum sativum) in South Australia. Mycologia 101:120-128

Davidson JA, Krysinska-Kaczmarek M, Wilmshurst CJ, Mckay A, Herdina, Scott ES
(2011) Distribution and survival of ascochyta blight pathogens in field pea
cropping soils of Australia. Plant Dis 95:1217-1223

Davidson JA, Wilmshurst CJ, Scott ES, Salam MU (2013) Relationship between
ascochyta blight on field pea (Pisum sativum) and spore release patterns of
Didymella pinodes and other causal agents of ascochyta blight. Plant Pathol
62:1258-1270

Fry W (1978) Quantification of general resistance of potato cultivars and fungicide
effects for integrated control of potato late blight. Phytopathol 68:1650-1655

Gossen BD, Mcdonald MR, Conner RL, Hwang S-F, Chang K-F (2010) Significance of
seed infection on epidemics of mycosphaerella blight in field pea. Can J Plant
Pathol 32:458-467

Gossen BD, Morrall RA (1986) Transmission of Ascochyta lentis from infected lentil
seed and plant residue. Can J Plant Pathol 8:28-32

Hawthorne W, Davidson J, Lindbeck K (2010) Pulse seed treatments & foliar
fungicides.
http://www.sardi.sa.gov.au/__data/assets/pdf file/0005/74921/Pulse_Seed _treat
ments__and__Foliar_Fungicides_-_7th_Edition.pdf

Hawthorne W, Davidson J, Mcmurray L, Armstrong E, Macleod B, Richardson HJ
(2012) Field pea disease management strategy, southern and western region.
http://www.pulseaus.com.au/pdf/Field%20pea%?20Disease%20Management%20
Strategy%?20Southern%20&%20Western%20Region.pdf

20



490
491
492

493
494

495
496
497

498
499
500

501
502
503

504
505
506
507

508
509

510
511
512
513

514
515
516

517
518
519

520
521
522

523
524
525

526
527
528

529
530
531
532

Hwang SF, Lopetinsky K, Evans IR (1991) Effects of seed infection by Ascochyta spp.,
fungicide seed treatment, and cultivar on yield parameters of field pea under
field conditions. Can Plant Dis Surv 71:169-172

Kaiser WJ (1997) Inter- and intranational spread of ascochyta pathogens of chickpea,
faba bean, and lentil. Can J Plant Pathol 19:215-224

Kimber RBE, Ramsey MD (2001) Using fungicides to control ascochyta blight of
chickpea. Proceedings of the 13th Australasian Plant Pathology Conference.
Cairns, QLD, Australia, 199

Kimber RBE, Scott ES, Ramsey MD (2006) Factors influencing transmission of
Didymella rabiei (ascochyta blight) from inoculated seed of chickpea under
controlled conditions. Eur J Plant Pathol 114:175-184

Kimber RBE, Shtienberg D, Ramsey MD, Scott ES (2007) The role of seedling
infection in epiphytotics of ascochyta blight on chickpea. Eur J Plant Pathol
117:141-152

Knappe B, Hoppe HH (1995) Investigations on the resistance of peas (P. sativum L.)
toward Ascochyta pinodes and Phoma medicaginis var. pinodella. In.
Proceedings of the 2nd European Conference on Grain Legumes. Copenhagen,
Denmark: AEP, 86-87.

Knott CM (1987) A key for stages of development of the pea (Pisum sativum). Ann
Appl Biol 111:233-245

Moussart A, Tivoli B, Lemarchand E, Deneufbourg F, Roi S, Sicard G (1998) Role of
seed infection by the Ascochyta blight pathogen of dried pea (Mycosphaerella
pinodes) in seedling emergence, early disease development and transmission of
the disease to aerial plant parts. Eur J Plant Pathol 104:93-102

Onfroy C, Tivoli B, Corbiére R, Bouznad Z (1999) Cultural, molecular and pathogenic
variability of Mycosphaerella pinodes and Phoma medicaginis var. pinodella
isolates from dried pea (Pisum sativum) in France. Plant Pathol 48:218-229

Ophel-Keller K, Mckay A, Hartley D, Herdina, Curran J (2008) Development of a
routine DNA-based testing service for soilborne diseases in Australia. Australas
Plant Pathol 37:243-253

Priestley RH, Bayles RA, Sweet JB, Knight C, Parry DW, Wright IR, Tierney PI, Kerr
SP, Gans PT, Wooster P (1985) Disease assessment manual for crop variety
trials. National Institute of Agricultural Botany. Cambridge, United Kingdom.

Richardson HJ, Leonforte T, Smith AJ (2009) Response of field pea varieties to the
fungal components of the ascochyta complex In. The Second International
Ascochyta Workshop. Washington, USA: Washington State University, 60.

Salam MU, Macleod WJ, Maling T, Prichard I, Seymour M, Barbetti MJ (2011a) A
meta-analysis of severity and yield loss from ascochyta blight on field pea in
Western Australia. Australas Plant Pathol 40:591-600

Salam MU, Macleod WJ, Pritchard I, Seymour M, Davidson JA, Salam KP, Galloway
J, Mcmurray LS, Lindbeck KD, Richardson H (2011b) G2 Blackspot Manager
model to guide field pea sowing for southern Australia in relation to ascochyta
blight disease. Australas Plant Pathol 40:632-639

21



533
534
535

536
537

538
539
540

541
542

543
544
545
546
o547

548
549
550

551
552

553
554
555

556

557

Schoeny A, Jumel S, Rouault F, Le May C, Tivoli B (2007) Assessment of airborne
primary inoculum availability and modelling of disease onset of ascochyta blight
in field peas. Eur J Plant Pathol 119:87-97

Shaner G, Finney R (1977) The effect of nitrogen fertilization on the expression of
slow-mildewing resistance in Knox wheat. Phytopathol 67:1051-1056

Sprague SJ, Burgess DR (2001) Seed treatment to suppress infection of canola seedlings
by Leptosphaeria maculans. In: Marcroft SJ, ed. 12th Australian research
assembly on brassicas. Geelong, Victoria, Australia, 68-72.

Tivoli B, Banniza S (2007) Comparison of the epidemiology of ascochyta blights on
grain legumes. Eur J Plant Pathol 119:59-76

Tivoli B, Baranger A, Avila CM, Banniza S, Barbetti M, Chen WD, Davidson J,
Lindeck K, Kharrat M, Rubiales D, Sadiki M, Sillero JC, Sweetingham M,
Muehlbauer FJ (2006) Screening techniques and sources of resistance to foliar
diseases caused by major necrotrophic fungi in grain legumes. Euphytica
147:223-253

Tran HS, Li YP, You MP, Khan TN, Pritchard I, Barbetti MJ (2014) Temporal and
spatial changes in the pea black spot disease complex in Western Australia.
Plant Dis 98:790-796

Wallen VR, Cuddy TF, Grainger PN (1967) Epidemiology and control of Ascochyta
pinodes on field peas in Canada. Can J Plant Sci 47:395-403

Xue AG (2000) Effect of seed-borne Mycosphaerella pinodes and seed treatments on
emergence, foot rot severity, and yield of field pea. Can J Plant Pathol 22:248-
253

22



10

11

Survival, transmission and control of Phoma koolunga in field pea seed and

reaction of field pea genotypes to the pathogen

Australasian Plant Pathology

M. Khani?¢, J. A. Davidson?, M. R. Sosnowski®P and E. S. Scott®"

8School of Agriculture, Food and Wine, Waite Research Institute, The University of
Adelaide, South Australia, 5005, Australia; °South Australian Research and
Development Institute, GPO Box 397, Adelaide, South Australia, 5001, Australia; and
‘College of Agriculture and Natural Resources, Shiraz University, Darab, Iran

*Corresponding author: eileen.scott@adelaide.edu.au



12

13

14

15
16
17

Table 1 Percentage of field pea seed infected with Phoma koolunga harvested from

trials or experiments at several locations in Australia in 2010 or 2011 (means of three

replicates)
Seed State Location Mean Standard
source? deviation

NVT Victoria Beulah 3.33 0.58
Birchip 3.67 0.58
Hopetoun 1.67 0.58
Horsham 2.00 1.00
Sea Lake 0.00 0.00
Ultima 1.67 0.58

NVT South Australia Bool Lagoon 1.67 0.58
Lameroo 0.00 0.00
Laura 2.00 1.00
Minlaton 3.67 0.58
Mundulla 0.67 0.58
Riverton 4.00 1.00
Rudall 0.00 0.00
Willamulka 1.67 1.53
Yeelanna 6.33 1.53

NVT Western Dalwallinu 0.00 0.00

Australia

Pingrup 0.00 0.00
Scadden 0.00 0.00

PBA South Australia Balaklava 5.00 2.65
Kingsford 0.33 0.58
Snowtown 2.33 0.58
Willamulka 1.33 1.15

AT South Australia Hart, TOS® 2.78 1.48
30/04/2010
Hart, TOS 2.56 0.88
21/05/2010
Hart, TOS 0.67 0.71
11/06/2010

AIP South Australia Waite Campus 35.67 551

& National Variety Trial 2010 (NVT), Pulse Breeding Australia 2010 (PBA),
Agronomy Trials 2010 (AT), Artificially infected plants 2011 (AIP)

b Time of sowing
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Fig. 1 Necrotic index on field pea plants infected via seed artificially inoculated (AIS)
with Phoma koolunga and kept in a growth room at 16 °C, assessed at the eight-node
growth stage (AIS 1) in the first experiment and at physiological maturity (AIS 2) in the

second experiment, error bars represent SE.
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artificially inoculated with Phoma koolunga, which were incubated in potting soil at
four temperatures, transferred to a growth room and assessed at eight node growth
stage. Bars with the same letters (a-b and x-z) are not significantly different by Tukey’s
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Fig. 3 Efficacy of fungicidal seed treatments on field pea seed artificially inoculated
with Phoma koolunga and incubated in (a) potting soil and (b) on germination paper.
Disease was assessed based on disease incidence (DI) and necrotic index on seedlings
roots. Treatments with the same letters (a-e and w-z) are not significantly different by
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Fig. 4 Reaction of 12 field pea genotypes incubated in a growth room at 16 °C after
inoculation by spraying foliage with a spore suspension of Phoma koolunga isolate
139/03. Disease was assessed as % Leaf Area Diseased (%LAD), Area Under the
Disease Progress Curve (AUDPC) and stem lesion length at 21 dpi. Means with the
same letters (a-c, w-z, and m-r) are not significantly different by Tukey’s test

(P = 0.05), bars represent SE.
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