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INTRODUCTION
White blister (or white rust) is a disease caused 
by the oomycete pathogen Albugo candida. Other 
important oomycete pathogens include those 
causing downy mildews (e.g. Hyaloperonospora 
sp. on brassicas), Phytophthora spp. and Pythium 
spp. Albugo candida is an important obligate 
pathogen of many brassica species and has 
recently been identified as causing serious issues 
on radish (Raphanus sativus) seed crops in New 
Zealand (FAR 2016) and Australia (Minchinton 
et al. 2005). At least one third of the world’s 
hybrid radish seed production occurs in the 
Canterbury region of New Zealand (Thomas 
Chin, NZ Grain and Seed Association, pers. 
comm.). The pathogen causes leaf spots but, 
more importantly, infections of the inflorescence 
produce hypertrophy (tissue enlargement), 

resulting in “stagheads” that can lead to economic 
yield loss (Rimmer et al. 2007). Several races 
of the pathogen with varying degrees of host 
specificity have also been reported (Kaur et al. 
2011).

Albugo candida produces two spore types, 
asexual sporangia produced in the white blister 
lesions and sexual oospores which develop in 
any diseased tissues from either a systemic or 
local infection. Oospores are resistant to adverse 
environmental conditions and can survive in 
plant debris, soil or contaminated seed for several 
seasons (CABI 2016). Initial leaf symptoms are 
commonly seen evenly distributed throughout 
a paddock, not in foci like many other diseases. 
This distribution pattern indicates either highly 
mobile spores, such as airborne sporangia, or a 
widespread inoculum source such as soil or seed. 
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White blister infection was assessed on two dates: 
29 January and 4 March 2015. The numbers 
of infected racemes were counted, and data 
presented as the percentage of infected racemes 
per plot. The plots were desiccated with diquat 
and direct harvested with a 1.35-m wide plot 
combine harvester on 13 April. The seed was 
cleaned and sized into 3 diameters: >3.0 mm; 
2.6 to 3.0 mm; and <2.6 mm. The seed yield 
was calculated using seed >2.6 mm in diameter. 
Seventy-five percent of the seed was in the >3.0 
mm diameter size.

Trial 2 was established in hybrid red round 
radish located near Southbridge (43° 37’ 40.90” 
S; 172° 13’ 50.56 E) in the 2016/17 growing 
season. The trial was established early October 
with plot size and layout as in Trial 1. There 
were 6 fungicide treatments (Tables 1 and 3) and 
an untreated control with four replicates in a 
randomised block design. Fungicide applications 
were applied as in Trial 1. There were 6 fungicide 
applications starting on the 12 December 2016 
at approximately 14-day intervals. Treatment 3 
received an initial azoxystrobin on the 10 October 

2016 when cotyledons had emerged. Disease 
was assessed as in Trial 1 on five dates from 1 
December 2016 to 1 March 2017. Harvesting and 
seed cleaning was as described for the Trial 1. 

Pot trial
Young radish plants from four separate hybrid 
radish seed-lines (3, 4, 6, and 16) were grown  in 
a shade-house at Lincoln University and hand 
watered as required along with some automatic 
irrigation from overhead sprinklers. Pre-bolting 
plants showing white blister symptoms, were 
selected for fungicide evaluation to control 
A. candida. Initial levels of disease in the plants 
were statistically similar for the four lines 
(disease score range of 0.83–1.17 on a scale 
of 0–5 (see below), data not presented. Equal 
numbers of plants were selected from each of 
the four seed-lines (three duplicate plants per 
treatment to provide even levels of disease across 
the experiment). Plants were grown in individual 
planter bags (PB 1.5) in a standard Lincoln 
University peat/pumice mix. There was one plant 
per planter bag and these were arranged into a 

Table 2 Evaluation of five fungicide treatments in a field trial (Trial 1) with two assessment dates 
(29 January and 23 February 2015) for the control of Albugo candida in radish during the 2015/16 
growing season

Amount/ha Assessment 1 Assessment 2 Yield
% Racemes infected kg/ha

Untreated 64 a 71 a 588 c
Metalaxyl-m+mancozeb1 2.0 kg 59 a 53 ab 676 ab
Metalaxyl-m+mancozeb1 3.0 kg 50 ab 53 ab 634 bc 
Chlorothalonil+metalaxyl2 2.4 L 64 a 56 ab 627 bc
Azoxystrobin 1.0 L 18 c 26 c 728 a
Boscalid+pyraclostrobin 400 g 31 cd 40 bc 681 ab
Mean 48 50 655
P Value 0.0037 0.011 0.028
CV% 34 29  8
LSD 0.05 24 22 80
Significance3 **  * *
1 Applied as Ridomil Gold MZ, the current industry standard
2 Applied as Max CL
3 * Significant at P=0.05; ** significant at P=0.01

Spread of sporangia occurs through wind, rain or 
insect dispersal (Agriculture Victoria 2017).

White blister is currently controlled in New 
Zealand with products containing a mixture of 
the active ingredients metalaxyl-m+mancozeb 
used both as a seed treatment and as foliar 
sprays. However, although these products have 
a label claim for the control of downy mildew 
in brassicas and crucifers in New Zealand, they 
are not specifically registered for white blister 
control. Resistance to metalaxyl by the oomycete 
group of pathogens has been reported overseas 
(Fisher & Hayes 1984) and reliance in New 
Zealand on one fungicide could ultimately lead 
to reduced control of white blister in brassica 
crops. 

This paper reports on two field trials and a pot 
trial aimed at finding alternative chemicals for 
disease control to identify fungicides that meet 
resistance management guidelines.

MATERIALS AND METHODS
E�cacy trials
Fungicides evaluated for the suppression of 
white blister on radish both in the field and in the 
greenhouse are listed in Table 1.

Field Trials
Two field trials were established on commercial 
properties to evaluate efficacy of foliar fungicides 
for control of A. candida. The growers managed 
all inputs (fertiliser, weed control and irrigation) 
except fungicide applications. Trial 1 was 
established in spring-sown European round 
radish located near Southbridge, Canterbury 
(43° 50’ 51.97” S; 172° 15’ 57.05 E) in the 2014/15 
season. In addition to an untreated control, there 
were five fungicide treatments (Table 2) with four 
sequential application dates; pre-flowering at 8 to 
10 leaf growth stage (24 November 2014), early 
flowering (19 December), mid-full flowering 
(14 January 2015) and end of flowering-early 
pod formation (23 February). There were four 
replicates in a randomised block design. Plots 
were 3.2 m wide by 14 m long (covering 2 
female beds, each 8 rows wide with a male bed 
of 4 rows between them). Fungicide applications 
were made with a 3.2 m wide spray boom with 
110015 nozzles with treatments applied at 
210 kPa in either 500 L/ha water for the 
metalaxyl-m+mancozeb or 250 L/ha water for 
the other treatments. 

Table 1 Products evaluated for suppression of Albugo candida on radish

Fungicide Active Ingredient (ai) Trials applied in:
Pot Field 1 Field 2

Amistar SC® azoxystrobin 250 g/L X X X

Foschek® phosphorous acid 400 g/L X X

Max CL® chlorothalonil+metalaxyl 375+50 g/L X

Pristine® boscalid+pyraclostrobin 252+128 g/L X X

Proline® prothioconazole 250 g/L X

Ranman® cyazofamid 400 g/L X

Ridomil Gold MZ® metalaxyl-m+mancozeb1 40g+640 g/kg X X X

Seguris Flexi® isopyrazam 125 g/L X X
1 Current industry standard
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unsprayed treatment (Table 2). These two 
fungicide treatments, along with metalaxyl-
m+mancozeb at 2 kg product per ha, also 
increased (P=0.028) the final seed yield by up to 
19%. Azoxystrobin provided better control than 
metalaxyl-m+mancozeb (Table 2). 

In Trial 2, disease levels were initially low, 
building to moderate to high levels with 58% of 
racemes infected in the untreated plots by the 
time of the final assessment in early March. There 
were no differences in percent infection until the 
final assessment where metalaxyl-m+mancozeb,
metalaxyl-m+mancozeb+azoxystrobin, boscalid+
pyraclostrobin and isopyrazam+azoxystrobin 
all reduced (P=0.015) the percentage disease 
compared with the unsprayed treatment (Table 
3). These four treatments also increased (P<0.001) 
final seed yield compared with the untreated 
plots. Prothioconazole and phosphorous acid 
used in this trial did not control white blister.

Pot trial
All treatments reduced (P<0.05) the mean number 
of white blister lesions per plant with cyazofamid 
and azoxystrobin resulting in the lowest number 

of lesions (Table 4). Use of isopyrazam did not 
reduce the disease score compared with the 
untreated control. The other five treatments 
did reduce the disease score compared with the 
untreated control, with phosphorous acid being 
the least effective of these. No treatments affected 
mean “staghead” lesion length per plant. 

DISCUSSION
Two field trials and a pot trial evaluated a range 
of fungicides for the control of white blister on 
radish. Currently, producers of radish seed rely 
on a single fungicide treatment, metalaxyl-
m+mancozeb, but this research has identified 
other chemicals with different structures and 
modes of action able to provide equal or better 
control, improve yield and offer anti-resistance 
strategies in line with current guidelines.

Metalaxyl-m+mancozeb has been the 
industry standard for control of white blister and 
other oomycete pathogens (CABI 2016) and has 
provided acceptable control. However, resistance 
to this fungicide by other oomycete pathogens 
suggest that the efficacy of this chemical may 
be at risk. Resistance has been identified in the 

Table 4 Evaluation of five fungicide treatments for the control of Albugo candida on radish plants (pot 
trial). Fungicides applied at early bolting and again two weeks later.

Treatment Rate Mean Lesions 
per Plant

Disease 
Score
(0-5)

“Mean Staghead” 
Lesion Length per 

Plant (mm)
Water (control) - 125.18 ab 3.58 a 50.1 ab
Metalaxyl-m+mancozeb1 2.5 g/L 41.35 cb 1.80 b 34.2 bb
Isopyrazam 2.4 g/L 91.40 bb 3.10 a 34.7 ab
Cyazofamid2 0.8 mL/L 0.65 db 0.35 c 71.6 ab
Azoxystrobin 3.0 mL/L 1.50 db 0.40 c 72.6 ab
Phosphorous acid 5.0 mL/L 68.75 bc 2.30 b 35.5 ab
Mean 54.80 1.92 49.8
P Value <0.001 <0.001 0.185
CV% 90 48 122
LSD 0.05 31.2 0.59 38.2
Significance3 *** *** NS
1 Same rate as used in Trial 2
2 cyazofamid was applied with Duwett (organosilicone wetting agent) at a rate of 0.5 mL/L
3 NS = not significant; *** significant at P=0.001

randomised complete block design consisting 
of five blocks with five fungicide treatments 
and a water control (replicated twice). Plants 
were hand watered as required plus the shade-
house was automatically watered from overhead 
sprinklers. The fungicide treatments (Table 4) 
were applied twice, 12 days apart on 11 February 
and 23 February 2017. Fungicides were diluted in 
500 mL of water and applied using a hand-held 
sprayer to incipient run-off. Plants were assessed 
for disease on 10 March 2017, 15 days after the 
final fungicide spray. The total number of leaves 
per plant, white blister lesions per plant and an 
overall disease score (a scale of 0 to 5 where: 
0=no lesions observed; 1=scattered lesions on 
the lower leaves; 2=low numbers of lesions on 
the lower leaves and scattered lesions on the 
upper leaves; 3=moderate number of lesions on 
the lower leaves; low level of lesions on the upper 
leaves 4=moderate to high numbers of lesions on 
the lower leaves; greater than 200 per leaf and 
moderate number of lesions on the upper leaves, 

5=moderate to heavy number of lesions over 
the whole plant, greater than 200 per any one 
leaf) were recorded. A second assessment was 
conducted on 2 May 2017 to evaluate the effect of 
the fungicide sprays on white blister “staghead” 
development. 

Statistical analyses
All data were subjected to analysis of variance 
(ANOVA) for randomised block designs 
using R (R Core Team 2014). Differences 
between treatment means were assessed by the 
unrestricted least significant difference (LSD) 
method at P=0.05.

RESULTS
Field trials
In Trial 1, there was high disease pressure in the 
untreated control with 71% of racemes infected 
at the time of the final assessment. Azoxystrobin 
and boscalid+pyraclostrobin reduced (P=0.011) 
the disease incidence compared with the 

Table 3 Evaluation of six fungicide treatments in a field trial (Trial 2) for the control of Albugo candida 
in radish during the 2016/17 growing season

Treatment #2 Rate Disease3 Yield
(kg or L/ha) (%) (kg/ha)

Untreated      0 58 a  933 b
Metalaxyl-m+mancozeb1      6 2.5 kg 45 bc 1258 a
Azoxstrobin then metalaxyl-m
     +mancozeb1+azoxystrobin 1+6 0.75/2.5+0.75 43 bc 1503 a

Boscalid+pyraclostrobin     6 1.5 L 38 c 1519 a
Isopyrazam+azoxystrobin     6 0.5+0.5 L 38 c 1558 a
Prothioconazole     6 0.5 L 50 ab   913 b
Phosphorus acid     6 0.5 L 50 ab   796 b
Mean 46 1211
P Value 0.015 <0.001
CV% 17 10
LSD 0.05 11 315
Significance4 * ***
1 Note different rate to that used in Trial 1.
2 Number of fungicide applications
3 Percent racemes with infection with Albugo candida at the final assessment
4 * Significant at P=0.05; *** significant at P=0.001
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the lower leaves and scattered lesions on the 
upper leaves; 3=moderate number of lesions on 
the lower leaves; low level of lesions on the upper 
leaves 4=moderate to high numbers of lesions on 
the lower leaves; greater than 200 per leaf and 
moderate number of lesions on the upper leaves, 

5=moderate to heavy number of lesions over 
the whole plant, greater than 200 per any one 
leaf) were recorded. A second assessment was 
conducted on 2 May 2017 to evaluate the effect of 
the fungicide sprays on white blister “staghead” 
development. 

Statistical analyses
All data were subjected to analysis of variance 
(ANOVA) for randomised block designs 
using R (R Core Team 2014). Differences 
between treatment means were assessed by the 
unrestricted least significant difference (LSD) 
method at P=0.05.

RESULTS
Field trials
In Trial 1, there was high disease pressure in the 
untreated control with 71% of racemes infected 
at the time of the final assessment. Azoxystrobin 
and boscalid+pyraclostrobin reduced (P=0.011) 
the disease incidence compared with the 

Table 3 Evaluation of six fungicide treatments in a field trial (Trial 2) for the control of Albugo candida 
in radish during the 2016/17 growing season

Treatment #2 Rate Disease3 Yield
(kg or L/ha) (%) (kg/ha)

Untreated      0 58 a  933 b
Metalaxyl-m+mancozeb1      6 2.5 kg 45 bc 1258 a
Azoxstrobin then metalaxyl-m
     +mancozeb1+azoxystrobin 1+6 0.75/2.5+0.75 43 bc 1503 a

Boscalid+pyraclostrobin     6 1.5 L 38 c 1519 a
Isopyrazam+azoxystrobin     6 0.5+0.5 L 38 c 1558 a
Prothioconazole     6 0.5 L 50 ab   913 b
Phosphorus acid     6 0.5 L 50 ab   796 b
Mean 46 1211
P Value 0.015 <0.001
CV% 17 10
LSD 0.05 11 315
Significance4 * ***
1 Note different rate to that used in Trial 1.
2 Number of fungicide applications
3 Percent racemes with infection with Albugo candida at the final assessment
4 * Significant at P=0.05; *** significant at P=0.001
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oomycete pathogens Phytophthora spp. (Matson 
et al. 2015), Pythium spp. (Cook & Zhang 1985) 
and downy mildew (Molinero-Ruiz 2010) but had 
not currently been reported in Albugo candida. 

Results of the pot trial suggested that 
alternative chemicals such as cyazofamid and 
azoxystrobin may provide a better reduction 
of disease severity compared with metalaxyl-
m+mancozeb (number of lesions per leaf). The 
results of the pot trial for metalaxyl-m+mancozeb 
and azoxystrobin were consistent with the field 
trial data, with both these treatments providing 
reduced disease levels and improved seed yields 
over both field trials. An additional fungicide, 
boscalid+pyraclostrobin, also provided 
equivalent disease control and improved seed 
yield. However, phosphorous acid, a chemical 
effective against other oomycetes performed 
poorly in the field and in the glasshouse 
experiments. Similarly, prothioconazole was not 
effective in controlling white rust.

The lack of efficacy on the formation of 
“stagheads” in the pot trial was surprising but 
may reflect the length of time from flowering 
(time of the last fungicide application) and seed 
formation, with a likely degradation effect of the 
fungicides within the plants.

The greater seed yield response to fungicide 
treatments in Trial 2 (36%) compared to Trial 1 
(23%) may reflect the increased number of 
fungicide applications (6 versus 4) in Trial 2. 
The use of fungicide mixtures in Trial 2 
provided equivalent disease control and yield 
improvements to metalaxyl-m+mancozeb. 
This combined with alternative chemicals to 
metalaxyl-m+mancozeb offers the industry a 
good anti-resistance strategy either through 
alternating or combining chemicals with different 
modes of action. 
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