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INDUSTRY SUMMARY 

Downy mildew is a regular cause of crop loss to Australian onion growers. Standard control 
measures are to spray the crop regularly with protectant and systemic fungicides. 

The causal fungus {Peronospora destructor) is, however, very dependent on certain weather 
conditions before it can reproduce and spread. Thus, a knowledge of critical weather factors 
(temperature, relative humidity, leaf wetness, rainfall) allows us to pinpoint the danger 
periods and focus fungicide control options. 

In previous work, a disease forecasting system called DOWNCAST was tested over one 
season and showed it was capable of identifying sporulation/infection periods for onion 
downy mildew in the Lockyer Valley. 

In this project we set out to determine whether DOWNCAST had practical advantages for 
onion growers and, if so, what would be required to introduce it as a successful district spray 
warning service. 

Our findings were that:-

• Field trials in 1995 and 1996 showed a spray program based on DOWNCAST 
maintained a high level of disease control with fewer fungicide applications than the 
standard program. 

• For practical use, DOWNCAST should be used to time the application of systemic 
fungicides. A regular schedule of protectant fungicides should be maintained. 

• Acrobat MZ with an oil based adjuvant was the most suitable fungicide. The oil 
adjuvant allowed better penetration of the systemic component, dimethomorph, into the 
leaf. It consistently eradicated 48 hour infections. 

• Fungicides of the phenylamide group such as Ridomil MZ and Fruvit were unsuitable 
due to fungicide resistance problems. Phosphorous acid was ineffective. 

• At least three weather data collection sites would be needed through the district to cater 
for variations in weather at different localities. 

Introduction of DOWNCAST as a prediction service for the Lockyer Valley is feasible and 
offers a way of more accurate fungicide scheduling. The major benefits would be improved 
control, with no additional fungicide use and minimising fungicide resistance threats by 
reducing the use of systemic fungicides. 
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TECHNICAL SUMMARY 

Onion downy mildew (Peronospora destructor) is an important disease in the Lockyer Valley 
(Qld) onion crops. Its occurrence is, however, spasmodic and severe outbreaks depend on 
favourable weather periods. During 1993-1996 disease forecasting systems based on spore 
trapping and the DOWNCAST system were assessed. Spore trapping was an unreliable 
method, but in two seasons, a program of irregular fungicide applications made according to 
the DOWNCAST parameters was as effective as the standard calendar based program. The 
number of fungicide applications was reduced by five in 1995 and three in 1996. For 
commercial use, DOWNCAST is seen as a method of timing systemic fungicides such as 
dimethomorph (Acrobat MZ) and the phenylamides (Ridomil MZ, Fruvit). In the Lockyer 
Valley the use of a regular protectant program should be maintained to minimise fungicide 
resistance problems and provide some assurance of disease control if wet conditions delay the 
DOWNCAST-timed applications. 

Spray warning systems such as DOWNCAST indicate when conditions are favourable for the 
fungus to complete a sporulation/infection event. Fungicide applications made in response to 
this must, of necessity, have an eradicant action. In the Lockyer Valley, fungicide resistance 
to the phenyl amide fungicides is widespread and these fungicides are unsuitable for use in a 
spray warning system. The curative ability of dimethomorph is poor when applied alone or 
with non-ionic spray adjuvants. By using oil-based adjuvants (organic or mineral), we showed 
dimethomorph reliably eradicated 48 h infections. This is due to the modification of the 
epicuticular wax platelets allowing increased uptake of dimethomorph. Dimethomorph 
(Acrobat MZ plus oil adjuvant) is recommended as the fungicide to be used with 
DOWNCAST and should be applied within 48 h of the sporulation/infection event. 

A spray warning system based on DOWNCAST has two main benefits for Lockyer Valley 
onion growers. It provides the most effective timing of fungicides and minimises the use of 
systemic fungicides, thereby reducing fungicide resistance threats. Its introduction as a 
district system is recommended but our district weather monitoring shows that at least three 
data collection sites (Lowood, Gatton, Tent Hill) would be required to cater for weather 
differences between localities. 
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1 . GENERAL INTRODUCTION 

Onion Production in Queensland 

In Australia, onion production is established in areas of widely varying climatic types 
ranging from warm subtropical to Mediterranean and cool temperate (Tesoriero et al., 1993). 
In Queensland the industry is concentrated in the Lockyer Valley where currently 
approximately 80% of the State's crop is grown (Harper, O'Brien and MacManus 1999). The 
industry is becoming more diversified since Bartholomew (1986) reported 90% was produced 
in the Lockyer. These other areas include the Eastern Darling Downs, the Callide Valley and 
the Atherton Tablelands. 

The Queensland onion industry is worth about $13 million, with production between 18000 
and 26000 tonnes per annum. A further 2200 t of spring onions and shallots, worth $2.5 
million, are also produced (Jackson, et al., 1997). 

Importance of the disease 

Downy mildew caused by the fungus Peronospora destructor (Berk) Caspary affects many 
wild and cultivated species of Allium, including onions, chives, shallots and garlic (Renfro 
and Shankara Bhat, 1981: 110; Schwartz, 1995: 20).It can be a devastating disease especially 
when weather conditions are cool and humid with long dew periods (Ryley, 1989; O'Brien, 
1992a). Disease development is much reduced by hot dry weather conditions (Tesoriero et 
al, 1993). 

Severe outbreaks can directly reduce yield by up to 60-75% according to Cook (1932, cited 
by Viranyi, 1981: 66). Bulb development is retarded markedly if leaf damage is severe, and a 
large number of 'bottle-necked' onions develop. These bulbs do no become closed at the 
neck and are more susceptible to soft rots during storage (Viranyi, 1981: 66). 

Kerr (1988) reported that in 1988, SE Queensland onion growers experienced the worst 
downy mildew outbreak in memory. The loss in yield was estimated to be worth in excess of 
$5 m, excluding the cost involved in additional fungicide sprays. The difficulty in controlling 
downy mildew during this season was attributed to a combination of several factors namely: 

1. Prolonged periods of weather conducive to disease development. 
2. Difficulty in maintaining adequate coverage of fungicides on the waxy leaves during wet 

weather. 
3. Development of resistance to phenylamide fungicides in P. destructor 
4. The inability to predict the most effective time to apply sprays to achieve optimal results. 

Disease patterns in the Lockyer Valley 

Peronospora destructor reproduces by sporangia which are disseminated primarily by wind 
but also by splash from rain or irrigation (Hughes, 1970). Germination occurs within 2-4 
hours provided there is free moisture on the onion leaf or the ambient relative humidity is 
>95%: Infection quickly follows as germ tubes (1-2 per spore) penetrate the leaf. After a 
relatively long incubation period of 9-20 days during which infected areas of leaves turn pale, 
sporulation can occur if suitable weather conditions are present. If weather conditions are 
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unfavourable for sporulation, the infected area turns yellow, shrinks and may be invaded by 
secondary fungi such as Stemphylium or Alternaria spp. and the progression of downy 
mildew is stalled. 

Figure 1. Typical symptoms of onion downy mildew on foliage and seed stalks 

In the Lockyer Valley, a typical pattern of field symptoms is for the disease to initially affect 
just a few plants through the field. This is the result of a spore shower from an external 
source of inoculum (Fitzgerald and O'Brien, 1994). At this early establishment stage, 
symptoms are mild and not generally noticed by growers. Following one or two sporulation-
infection periods (2-4 weeks) the disease occurs as well defined patches (about 5m diameter) 
of heavily infected plants with less severe infection on most plants in the field. From this 
point, depending on weather conditions, the disease may subside and plants recover by 
producing new foliage; or the disease progresses and destroys most available leaf tissue and 
full plant recovery at a future stage is unlikely. 

Figure 2. Typical symptoms of onion crop badly affected with downy mildew 
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Control options with fungicides 

Fungicides have traditionally formed the basis of control of onion downy mildew in modern 
commercial onion cultivation worldwide. There are two main groups of fungicides, namely 
protectants and curatives. Many fungicides are marketed as mixtures containing a protectant, 
(with a multi-site mode of action) and one or two curatives (with a site-specific mode of 
action). 

Protectant fungicides are surface-applied, residual chemicals, which are capable of preventing 
fungi from germinating and penetrating plant surfaces. It is necessary for them to contact the 
pathogen before it invades (penetrates) the plant surface. They are usually applied to plants to 
provide a protective covering prior to infection. 

Repeated applications of protectant fungicides may be necessary to provide protection of 
recent growth of actively growing plants. A spray interval of 7-10 days is common when 
conditions , for example, heavy dews, fog or rain, favour the disease. (Bartholemew 1986; 
Kerr 1989). Protectant fungicides are generally inexpensive but have limitations in that they 
only prevent the spore germination process and have no curative activity nor do they protect 
new growth that develops between sprays (Gunn, 1991). 

Eradicant or curative fungicides are chemicals which effectively control recently established 
fungal infections. They possess systemic activity, are redistributed within the plant (usually 
in the transpiration stream) and are rainfast. The major advantage is that they usually have 
curative action (sometimes called "kickback" activity) which prevents further development of 
the disease (Gunn, 1991). 

Curative activity is normally measured by the number of hours or days which can elapse from 
the time of fungicide application, which still achieves control of the developing infection. 
This period of activity varies from 24-120 hours post-infection. 

Ideally, fungicides must be applied at, or preferably before the first signs of disease are 
observed. Late applications of protectants will not prevent disease development after 
infection has taken place. Late application of curative fungicides increases the risk of control 
failure and the likelihood of disease resistance developing to the fungicide. Kerr (1989) 
suggested that the use of curative fungicides should be restricted to periods when the plant is 
most susceptible to the disease. 

Extensive research by Sutton and Hildebrand (1985) demonstrated that sporulation of onion 
downy mildew occurs under specific environmental conditions. These are as follows: 

1. Relative humidity >95% between 0200 and 0600 hours. 
2. No rain after 0100 hours. 
3. Mean hourly night temperatures between 4-24°C (optimum range of 10-13°C). 
4. Mean hourly temperatures during the preceding day of <24°C. 

They proposed a disease forecasting system (DOWNCAST) based on these parameters. In a 
feasibility study of this Canadian development, Fitzgerald and O'Brien (1994) found it was 
applicable to onion downy mildew outbreaks in the Lockyer Valley. The system accurately 
forecast sporulation-infection periods at one site in the 1989 season but required further study 
before it could be used as a general management tool in the Lockyer Valley. It did, however, 
offer promise that a more refined approach could be taken to onion downy mildew control 
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with benefits of reduced spray applications and improved disease control. 
There were two main difficulties to be resolved before the system could be adopted. 

1. Because onion production is spread over districts which may have different weather 
patterns we had to find how wide was the variability. If there was wide variability disease 
forecasts would have to be directed at individual districts eg. Lowood, Forest Hill, etc. In 
this case multiple weather stations would be required. If critical weather parameters were 
relatively uniform, one weather station would service the whole district. 

2. Since the prediction system is based on past events, ie. sporulation and infection have 
already occurred, an effective systemic fungicide with at least 2 days kick back would be 
required. With phenylamide resistance suspected to be widespread in the downy mildew 
population, alternative systemic fungicides would need to be found and shown to be 
effective when used in the forecasting system. 

These formed two of the main objectives of this project. The third was to further evaluate the 
DOWNCAST system, particularly in comparison with standard district spraying practices. 
Our vision was to change fungicide use practices from a regular 7-14 day program to a more 
irregular program where applications would be made on a 'needs' basis as indicated by 
weather analysis. 
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2. FIELD EXPERIMENTS EVALUATING DISEASE FORE
CASTING SYSTEMS AND FUNGICIDES 

Introduction 

The disease cycle of onion downy mildew is characterised by long incubation periods (9-16 
days) interspersed with short periods (l-2d) when the pathogen sporulates, is dispersed and 
infects the leaves (Hildebrand and Sutton, 1982). From a disease management point of view, 
being able to accurately pinpoint the first disease cycle is crucial to effective control 
(Fitzgerald and O'Brien, 1994). Early detection and the subsequent timely application of 
suitable systemic fungicides to arrest young infections improved disease control in Canada 
where the 'Downcast' forecasting system was developed (Jesperson and Sutton, 1987). 

The Downcast systems uses weather variables to judge when sporulation-infection events 
have occurred. An evaluation in the Lockyer Valley (Fitzgerald and O'Brien 1994) showed 
predictions were quite accurate and could be developed into a district spray warning service. 

Another, more direct, method of determining when sporulation occurs is by spore trapping. 
Devices such as the Hirst and Burkard spore traps, process approx. 600 litres of air per hour. 
Material such as dust, pollen and fungal spores are deposited on a sticky slide. The hourly 
trappings are deposited on a 2mm wide band of the sticky slide ie. in an area of 2 x 10mm. 
Microscopic examination shows how many spores of Peronospora destructor are in each 
hourly sample of 600L of air and variances in numbers are easily detected. 

Both methods ie. Downcast and spore trapping provide knowledge of when the disease is 
active. This knowledge will only be of benefit to growers if effective systemic fungicides are 
available to eradicate the young infections. 

Fungicides registered for use on onions in Queensland include the protectants: chlorothalonil, 
copper oxychloride, copper hydroxide, mancozeb, propineb and zineb and systemics: the 
phenylamide group (benalaxyl, metalaxyl, oxadixyl) and dimethomorph. All systemic 
fungicides are sold as mixtures of the systemic with a protectant, usually mancozeb. In field 
trials at Gatton Research Station in 1989 and 1990, mancozeb was vastly superior to 
chlorothalonil and copper hydroxide (O'Brien, 1992). Dimethomorph was the most effective 
systemic fungicide, giving greater disease control then fosetyl-Al, propamocarb and 
phosphorous acid. Metalaxyl gave limited control due to phenylamide resistant strains of the 
fungus being present. 

Field trials from 1993-1996 evaluated spore trapping and Downcast as disease warning 
systems using the fungicides mancozeb, mancozeb/metalaxyl and mancozeb/dimethomorph. 
The field experiments also allowed observations of the diurnal cycle of spore release by 
P. destructor and probability of systemic carryover of the fungus in harvested onions. 

General procedures 

Replicated field trials were conducted from 1993-1996 at the Department of Primary 
Industries Gatton Research Station. Onion seed was sown in slightly raised beds containing 4 
equidistant rows 0.33m apart. An experimental plot was a 10m length of bed with the 2 
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central rows being used for data collection. Sprinkler irrigation, fertilizer application and 
insect control procedures followed normal district practice.to maintain normal crop growth. 

Fungicide treatments were applied using a 10L back mounted, gas pressurised hydraulic 
sprayer operated at 350kPa. A hollow cone nozzle was positioned over each row in a lm 
boom. Sprays were applied at lOOOL/ha and a spray adjuvant, Synertrol Oil (Organic Crop 
Protectants Pty Ltd Australia) added to all treatments at 3mL/L. 

Downy mildew forecasting systems: 

Spore trapping. A Burkhard volumetric spore trap was placed within an unsprayed 
section of crop and the 'catch' examined every one or two days. Besides following daily 
spore concentrations, examination of the 'catch' in more detail during periods of high spore 
densities showed the diurnal pattern of spore release. A decision to spray was made if any 
spores were trapped. There was a gap of 7 days between successive applications. 

Figure 3.. Burkharcr volumetric spore trap used to detect P. destructor spores. 

Modified DOWNCAST system. The DOWNCAST parameters were modified to fit 
local conditions, to account for diurnal variations between the different growing seasons 
(Canadian summer and Lockyer Valley winter), with the first and last light criteria derived 
from the RoDMod model (Watkinson et al, 1994). Infection was predicted when conditions 
favoured sporulation, spore dispersal, spore survival and infection. Conditions favouring 
dispersal were assumed to occur each day, as described by Fitz Gerald and O'Brien (1994). 

Thus, sporulation was determined to occur during the pre-dawn hours when all the following 
criteria were met: 

1. Mean hourly temperature during the previous day was <24°C. If the temperature 
exceeded 24°C, it must not be >27°C for >8 h, >28°C for >4 h, or >29°C for >2 h; 

2. Night temperatures are within the range 4-24°C; 
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3. There is no rainfall (<1 mm) between 2300 and 0400 hours; 

Relative humidity was >95% for a continuous 4 h between the time when 6 h of darkness 
had accumulated and sunrise (typically a 4 h period between 0000 and 6000 hours). 

Data 

16/06/96 

Time 

23:30:00 
0:00:00 
0:30:00 
1:00:00 
1:30:00 
200:00 
2:30:00 
3:00:00 
3:30:00 
4:00:00 
4:30:00 
5:00:00 
5:30:00 
6:00:00 
6:30:00 
7:00:00 
7:30:00 
8:00:00 
8:30:00 
9:00:00 
9:30:00 
10:00:00 
10:30:00 
11:00:00 
11:30:00 
12:00:00 
12:30:00 
13:00:00 
13:30:00 
14:00:00 
14:30:00 
15:00:00 
15:30:00 
16:00:00 
16:30:00 
17:00:00 
17:30:00 
18:00:00 
18:30:00 
19:00:00 
19:30:00 
20:00:00 
20:30:00 
21:00:00 
21:30:00 
22:00:00 
22:30:00 
23:00:00 
23:30:00 

R H . 
So-
mean 
% 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
98 
96 
93 
88 
82 
78 
75 
70 
67 
66 
64 
62 
60 
58 
58 
60 
66 
67 
69 
72 
77 
80 
78 
81 
84 
85 
90 
93 
96 
98 
99 
100 

AIR 

Scr 
mean 
degC 
13.4 
13.4 
13.3 
13.2 
13.3 
13.3 
13.4 
13.4 
13.5 
13.4 
13.4 
13.4 
13.4 
13.4 
13.4 
13.3 
13.4 
13.7 
14.2 
15.1 
16.1 
17 

17.5 
18.3 
19 

19.6 
19.7 
20.1 
20.4 
20.6 
20.8 
21.1 
20.5 
19.4 
18.8 
18.1 
17.3 
16 

15.7 
15.7 
14.9 
14.2 
13.7 
12.8 
11.9 
11.3 
10.8 
11.3 
11.2 

RH 
Crp 
mean 
% 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
97 

90 
86 
82 
80 
78 
74 
73 
71 
67 
69 

72 
80 
81 
84 
89 
94 
99 

96 
100 
100 
100 
100 
100 
100 
100 
100 
100 

AIR 
Crp 
mean 
degC 
13.5 
13.5 
13.3 
13.2 
13.3 
13.4 
13.4 
13.5 
13.S 
13.5 
13.5 
13.4 
13.4 
13.4 
13.4 
13.3 
13.5 
13.9 
14.4 
15.3 
16.5 
17.5 
18.4 
19.1 
19.8 
20.3 
20.6 
21.3 
21.4 
21.6 
21.8 
21.8 
20.9 
1 « 
18.7 
17.8 
16.9 
15.5 
15.2 
14.9 
14.4 
13.7 
13.3 
12.6 
11.7 
11.2 
10.7 
11.1 
11.1 

RAIN 
FALL 
total 
mm 

Yesterday Yesterday Today 
Rrsllight Lastlight Firstlight 

6:14:00AM 5:28:00PM 6:12:00AM 

SPORULATION FACTOR # 1 

Range <= 24 C > 27 C 
Cmlhrs 11 
SporulaUon - - Yes 

> 28 C > 29 C 
0 0 0 

Yes Yes 

Factor 1 sporulation possible? 

SPORULATION FACTOR #2 

Range 4-24C <4or>24 
Cmlhrs 13 0 

Factor 2 sporulation possible? 

SPORULATION FACTOR #3 

Yes 

Yes 

Total rain (mm) 
Sporulation possible? Yes 

SPORULATION FACTOR # 4 

Factor 4 Sporulation possibl Yes 

>*••*••••****•***•*»• 
DawnCast Forecast 

Has Sporulation Event Occurred ? 

YES 

Figure 4. Forecast showing positive sporulation —infection event 
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Date 

27/06796 

RH . AIR RH AIR 
Scr Scr Crp Crp 

rime mean mean mean mear 

% degC % degC 

0:00:00 82 9.9 97 9.7 
0:30:00 80 9.9 95 9.4 
1:00:00 77 9.5 92 8.4 
1 30:00 75 9.1 93 7.7 
2:00:00 76 8.7 95 7.5 
2:30:00 76 8 4 95 7.2 
3:00:00 75 8.6 95 7.8 
3:30:00 75 9.3 94 9.1 
4:00:00 75 9 91 8.3 
4:30:00 70 8.9 86 8.2 
5:00:00 69 9.4 84 8.6 
5:30:00 63 10.7 77 10.1 
6:00:00 61 11.1 74 10.5 
6:30:00 60 10.9 73 10.5 
7:00:00 61 10.8 73 10.5 
7:30:00 58 11.4 69 11.3 
8:00:00 57 12.1 67 12.1 
8:30:00 55 13 65 13.2 
9:00:00 53 13.8 60 14.2 
9:30:00 51 14.7 S6 15.3 

10:00:00 48 15.8 52 16.5 
10:30:00 45 16.9 49 17.7 
11:00:00 43 17.5 46 18.4 
11:30:00 39 17.6 42 18.3 
12:00:00 38 17.9 41 18.7 
12:30:00 38 18.6 40 19.5 
13:00:00 37 18.6 39 19.4 
13:30:00 37 18.6 38 19.4 
14:00:00 37 18.4 39 19 
14:30:00 36 18.6 38 19.3 
15:00:00 37 18.2 40 18.6 
15:30:00 36 18.2 38 18.7 
16:00:00 36 17.6 40 17.8 
16:30:00 38 17.1 41 17.3 
17:00:00 39 16.6 42 16.5 
17:30:00 42 15.7 45 15.6 
18:00:00 45 14.8 49 14.5 
18:30:00 48 14.1 52 13.7 
19:00:00 49 13.8 54 13.4 
19:30:00 50 13.8 55 13.6 
20:00:00 49 13.5 55 13.2 
20:30:00 52 12.7 57 12.3 
21:00:00 54 12.2 60 11.6 
21:30:00 53 12.5 59 11.9 
22:00:00 54 12.2 61 11.8 
2230:00 55 12.3 61 12 
23:00:00 56 11.9 62 11.6 
23:30:00 59 11.1 65 10.7 

RAIN 
FALL 

Yesterday Yesterday Today 
Firstlight Lastlight Firstlight 

6:15:00 AM 5:30:00 PM 6:15:00 AM 

SPORULATION FACTOR # 1 

Range <=24C >27C >28C >29C 
Cmlhrs 11.5 0 'o 0 
Sporulation - - Yes Yes Yes 

Factor 1 sporulation possible? 

SPORULATION FACTOR # 2 

Range 4 - 24 C <4 or >24 
Cml hrs 13 0 

Factor 2 sporulation possible? 

SPORULATION FACTOR # 3 

Total rain (mm) 
Sporulation possible? Yes 

SPORULATION FACTOR # 4 

Factor 4 Sporulation possibl No 

Yes 

Yes 

OownCast Forecast 

Has Sporulation Event Occurred ? 

NO 

Figure 5. Forecast showing negative sporulation —infection event 
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A computer program (macro) was written using Visual Basic within the spreadsheet program 
Microsoft Excel to enable the processing of met data collected from the Monitor Sensors met 
station. This macro allowed the identification of individual 24 h data sets which were 
processed after providing details of daylength (using RoDMod). A daily forecast was derived 
after processing each data set as can be seen in the printouts (Figs 4 & 5). Data for four years 
was processed using this macro. 

Disease assessment. Plants were rated for disease severity on a 0-6 scale where 0 = no 
symptoms and 6 = >75% leaf area affected. The six youngest leaves of each plant were 
assessed. Active sporulation was noted and expressed as % plants showing sporulation. In 
some experiments the rate of disease increase was followed by counting the percentage of 
infected plants in control plots at weekly intervals. 

Yield. The 2 central rows of each plot were harvested and graded into market categories; No. 
1 large >70mm diam; No. 1 >40-70mm; Picklers <40mm. 

Statistical analyses. Data were analysed using Minitab®, Systat® or SAS® programs to 
provide Analysis of Variance tables. 

1993 FIELD EXPERIMENT 

In this experiment, spraying on a standard 7-10 day interval was compared with a program of 
protectant at 7-10d combined with a systemic fungicide when spore release was detected by 
spore trapping. 

METHODS. The trial was sown 13 April 1993 and laid out as a randomised complete block 
design of 6 treatments with 4 replicants. In addition, an unsprayed area 10mx2.5m was used 
for studies of natural disease progression and as a site for the spore trap. At weekly intervals, 
mature potted plants were placed in the field for the week then removed and incubated. These 
plants were used to judge the suitability of weather conditions for disease during that week. 

Treatments. The treatments compared 3 different fungicides in a standard 10-12 day 
program. Two treatments consisted of a protectant (mancozeb) applied in a standard program 
but replaced by a systemic (Acrobat MZ or Ridomil MZ) when spores were to appear. 
Disease severity (40 plants sampled per treatment) was assessed on 18 September and the trial 
harvested (prematurely due to high disease severity) on 24 September. 

Disease progression. A sample of 25 plants were examined from the unsprayed area on 27 
August, 3 September and 10 September and the number showing sporulation recorded. 

Over-summer storage of bulbs. A total of 180 bulbs from severely affected plants were 
stored in a shed over the summer period. The object was to determine whether bulbs from 
severely affected plants can carry the disease as systemic mycelium and be a source of 
primary inoculum if sown at a later date. 

Bulbs were planted (3/2L pot) in April 1994 and grown to maturity in an evaporatively cooled 
glasshouse. Plants were examined regularly and covered with plastic bags to encourage 
sporulation. 
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RESULTS. Very low spore numbers were trapped until late August. Two systemic sprays 
were applied before this time, 26 July and 12 August. 

Observations in the unsprayed area showed the % sporulating plants increased from 20% to 
100% in 14 days (Table 1). 

Table 1. 1993: Increase in % plants showing sporulating lesions in a 14 day period 

Assessment Date % Sporulating Plants 
1 
2 
3 

August 27 
September 3 
October 10 

19.4 
42.2 

100.0 

Table 2. Relationship between daily spore count, infection of trap plants and decision to 
use systemic fungicides in the 1993 field trial 

Date Daily spore count No. infected trap 
plants 

Use systemics 

July 

12-23 Nil Nil 

24-27 1 Nil 26 July 

28-31 Nil 1 

August 

1-2 Nil Nil 

3-6 1 Nil 12 Aug 

7-20 Nil Nil 

21 1 Nil 

22 Nil Nil 

23-25 5 Nil 

26-30 5 1 

31-4/9 20 3 3 September 

September 

5-7 250 1 

8-9 Nil Nil 

13-14 42 Nil 17 September 

19 Nil Nil 

20-21 1 Nil 

22 Nil -

23-24 10 
-

Trial harvested 
24 September 
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Table 3. 1993 Trial: A comparison of the efficacy of 3 fungicides applied on a routine 
basis with a program of mancozeb applied routinely replaced by a systemic fungicide 

when spore release was indicated by a spore trap 

Fungicide schedule % Leaf Area 
affected Yield t/ha 

18/9/93 Total Marketable 

1. Dithane M45 @ 2kg/ha - weekly 51 36.6 15.9 

2. Acrobat MZ690 @ 2kg/ha - weekly 54 33.0 15.7 

3. Ridomil MZ720 @ 2.5kg/ha - weekly 55 37.6 15.1 

4. Dithane M45 / Ridomil MZ @ spore trap 57 36.1 17.0 

5. Dithane M45 / Acrobat MZ @ spore trap 50 36.5 19.2 

6. Control 49 32.1 14.9 

LSD P=0.05 n.s. n.s. n.s. 

Two applications of systemic fungicides were made 3 and 17 September. Trap plants also 
highlighted the high risk period as late August - mid September (Table 2). 

There were no significant differences in disease control on 18 September (Table 3) or in yield 
figures from the different treatments. None of the stored onion bulbs developed into infected 
plants. 

DISCUSSION. The failure of any treatment to maintain control of the disease is most 
probably due to the longer than desired interval between sprays during the critical late 
August-mid September period. Weather conditions were frequently wet and prevented spray 
schedules being kept. Although it would have been possible to keep to the schedule with our 
portable equipment, we decided to align our schedule with that of growers using tractor 
mounted boom sprays. It is clear that inaccessibility during high risk wet periods is a major 
problem with the fungicides we have. Although metalaxyl is known to have a long kick back 
period (6 days), this is of little use when there is a high proportion of resistant strains. 
Dimethomorph with a 2 day kickback period requires rapid deployment once a sporulation-
infection period occurs. 

The lack of systemic infection in plants grown from the stored onion bulbs indicates it is 
unlikely this is a source of carry-over inoculum. 

1994 FIELD EXPERIMENT 

The aim of this experiment was to test the use of a spore trap to schedule systemic fungicide 
application compared with a standard 7-10 day schedule. 

METHODS. Onion seed (cv. Early Lockyer White) was sown 19 April. The experiment 
was of 3 treatments replicated 10 times. A Burkhard spore trap was installed to monitor 
atmospheric spore concentrations. Application of the standard spray program commenced 5 
August. There were only two applications made in response to spore trapping, September 3 
and September 12. 
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The disease was first seen in the trial area on 9 August. Commencing on that date, bi-weekly 
assessments of disease severity and % sporulating plants were made. 

RESULTS. The graphical presentation of the % infected plants (Fig. 6) shows a low (<10%) 
severity until early September when the disease developed rapidly in untreated and spore trap 
scheduled plants. 

I 0 0 

9 0 

8 0 

7 0 

6 0 

SO 

4 0 

3 0 

2 0 

1 0 

0 

-1 0 

A 

• C o n tro I 
R id M Z (S /R ) 
R id M Z (C ) 

90 100 110 120 130 140 150 160 

T i m e ( D a y s A f t e r P l a n t i n g ) 

Figure 6. Disease Incidence for 1994 season 

Spores were trapped commencing 23 August with large counts from early-late September. 
(Table 4) During the peak period, 5-9 September, spores were released continuously but peak 
spore release was from 0600-0800 (Fig. 7). Sporulation was completely inhibited in plants 
receiving the standard spray schedule but not in those receiving the alternative schedule. 
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Figure 7. Spore periodicity for 1994 season (period 5-9 September) 
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Table 4. 1994 Trial: Relationship between field observations of downy mildew, spore 
trap samples and decisions to spray based on recorded spore release 

Date Daily spore count Spray applied Field observations 

June 27-30 Nil -

July 1-31 Nil -

Aug 1-22 Nil - Mildew observed 2/8 

Aug 23-31 <15 -

September 1-4 25 3 September 

September 5-9 165-1800 

September 10-12 15-100 12 September Last spray day 

September 13-15 120-800 

September 16-23 15-100 

September 24 15-100 Last day of recording 

October 19 Trial harvested 

The standard schedule resulted in larger yields and a higher proportion of onions in the 
marketable category (Table 5). 

Table 5. 1994 Trial: A comparison of disease control obtained by using Ridomil 
MZ720 applied on a regular basis with applications made in response to observed spore 

release. 

Treatment 
Disease Severity Yield 

Treatment 
% LAI* % Psp** Total 

(t/ha) 
% Marketable 

Unsprayed control 

Ridomil MZ720 2kg/ha spore 
release 

Ridomil MZ720 2kg/ha @ 7-
10 day intervals 

l.s.d. (P = 0.05) 

44 

52 

9 

67.5 

62.5 

0 

71.1 

70.0 

77.8 

88.8 

86.7 

92.0 

Mean % of leaf area infected at final assessment. 
* Mean % of plants showing sporulation from infected leaves at final assessment. 

DISCUSSION. Weather conditions for the season were dry except for August-September . 
Spore trapping was not a suitable method for detecting early disease activity since field 
symptoms were apparent at least 2 weeks before the first spores were trapped. 

The figures in Table 6 show the standard schedule using Ridomil MZ720 was superior in 
reducing both the disease severity and the sporulation ability of infected plants. 
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1995 FIELD EXPERIMENT 

This field trial compared the effectiveness of timing sprays according to (DOWNCAST) and 
the standard spray schedule. The trial also compared the two systemic fungicides Ridomil 
MZ 720 with Acrobat MZ 690. 

METHODS. The trial was sown (cv. Early Lockyer White) on 10 May, and laid out as a 
randomised complete block design of 6 treatments with 4 replications. 

Treatments 

1. Dithane M 45 (2kg/ha) - std. Program 
2. Dithane M45 (2kg/ha) std. + Ridomil MZ 720 (2.5kg/ha) forecast 
3. Dithane MZ (2kg/ha) std + Acrobat MZ 690 (2.67kg/ha) forecast 
4. Ridomil MZ 720 (2.5kg/ha) — on forecast only 
5. Acrobat MZ 690 (2.67kg/ha) - on forecast only 
6. Unsprayed 

Spray Warning Decisions 

Two weather stations, Metos-Dat.® (Metos Australia) and Monitor Sensors® (Trade 
Development Corp. Pty. Ltd.) were used to record the weather conditions for the duration of 
the trial. The fungicide sprays were scheduled according to predictions from the Metos 
station which provided a daily forecast on the likelihood of a sporulation event. The software 
was based on the DOWNCAST model. When a likely infection occurred, a spray treatment 
was applied within 48 hours, weather permitting. Subsequent forecasts for a period of seven 
days were monitored but not acted upon. On recommendations given by the Metos 
distributor the Stevenson's screen was located at the standard 1.5m above ground level. The 
analysis of weather data indicating sporulation/infection periods is shown in Table 6. 

Figure 8. Automatic weather station used infield trials 
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Table 6. Forecast Parameters For 1995 Season 

June July August | September 
Date DT NT Rain RH DT NT Rain RH DT NT Rain RH DT NT Rain RH 

1 • • • * zm IMM . • • ! , : :<: 
2 • * / * \M :.-V:- "•y;'-: 

' 
3 • • • * • • ^ • 
4 • • • * ::-̂ v- - ' ; : , : / - w£ . 
5 • + / + : ; ; ; / : • • -

•^y7"' 
; ; • < - : 

• v 
6 • • • * • • • * 
7 • • / * / + • + 
8 • • • * / * • • 
9 • • • + • * * • 
10 m •sW-t < / ' • . • « • * • * TV'' • " v . . '•• i.;':/.-
11 M S V ji im • * • * / VV ii • y t;-

•9 .• - " v v 

12 • • • * • • * • "rZ-.-£/-!" • • • • • / : - ; V 
13 • • • * iiH • : < • : • , / . . , • : ' ' " - ' . • • • • ' ./I.: ; ; / ; . :-.y 

_ L r — 

14 • • • * •"•y. : • 

:yvr./i;; • * • • 
15 • • • * J • * • 
16 • • • + • • + * 
17 • * • * • m / S 
18 • • • * • : * : • . :'•/' ; / 
19 • • • * -m : ; < / : • / 
20 • • • * m 

: ; < / : • 

/ 
21 • + • * 

' : ' / • • • ' . : • : / ' : . 
/ | 

22 • + * * • • * • 
23 • + • + * • • • 
24 • • • * * * • • 

• • • * • • • • 
26 • * • * • • * • 
27 • • * • • f '•' 

• • • • • £ • ' • 

:>:/./ H: 

28 • • • * > S: • ^ • ' : ••:•/ 1 ^ : 

29 • * • * 
• / • • • : rV:. , •/..-. -v-:. 

30 • + • * "• • / : : y;- • • v H . / . , 
31 • * • • '••$?• ;::;•/;;; ^ 1 * 

Key to 
DT = D 
NT = N 
Rain = 
RH = R 

jj] = 
/ = P 
•I* = Ne 
Mfi'i = P 



Epidemiological Assessments 

Weekly disease assessments for severity and % sporulating plants began when downy mildew 
was first observed in the trial area on 1 September. Spore-trapping with the Burkhand® spore 
trap was also used to follow sporulation activity. 

RESULTS. There were no significant differences between treatments for the first 2 weeks 
following disease establishment. (Fig. 9). The disease then progressed rapidly in unsprayed 
plots over the next week. In sprayed plots, disease progress was slowed but increased 
gradually over the next 3 weeks. At the disease rating of 21 September, there were highly 
significant differences between the unsprayed control and the 5 fungicide treatments. There 
were no significant differences between sprayed treatments. By the 6 October, only 
treatments containing Acrobat MZ were significantly different from the control. (Table 7). 

Fungicide Spray Schedule 

Twelve sprays were applied according to the standard schedule. The DOWNCAST program 
indicated sprays should be applied on six occasions. These were concentrated before and 
during, the establishment and development phases of the disease in September. (Table 6). 
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Figure 9. Disease Severity for 1995 season 
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Table 7. 1995 Trial: Relationship between field observations of downy mildew, 
spore trapping and decisions to spray based on critical weather data 

Date 
Daily Spore 

Count Date sprays applied 
Field 

Observations 

Calender Forecast 

July - 7 July 7 July 

- 17 July -

August - 27 July -

- 7 August -

- 17 August 17 August 

- 29 August 29 August 

September 8 

1-2 Mildew first 
observed 

3 1 1 September 1995 

4-9 - 9 September 9 September 

10 1 

11 -

12-18 Every day; 
2->100 

18 September 18 September 

19 -

20-25 Every day, 

6->100 

23 September 

27 September 

October "* 7 October 

12 October 
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Table 8. 1995 Trial: A comparison of disease control and yields obtained when using 
fungicides on a regular basis or in response to prediction made using weather data 

Disease Severity ***Yield 

Treatment No. of 

Applications 

*% LAI **% Psp Kg/plot T/ha % 
No. 

1 

1. Mancozeb (C) 

2. Mancozeb (C) + Ridomil 
MZ(F) 

3. Mancozeb (C) + Acrobat 
MZ(F) 

4. Ridomil MZ(F) 

5. Acrobat MZ(F) 

6. Control 

l.s.d. (P = 0.05) 

12 

6 + 6 

6 + 6 

6 

6 

0 

69.7b 

68.3b 

47.5c 

72.8b 

45.0c 

82.3a 

8.0 

100 

100 

88 

100 

88 

100 

39.56 

40.68 

42.17 

39.49 

42.72 

28.48 

65.9b 

67.8b 

70.2ab 

65.8b 

71.2ab 

47.5c 

5.4 

98.5 

91.2 

91.2 

92.1 

94.4 

85.5 

*Mean % Leaf Area Infected 148d after planting 
** Mean % of plants showing sporulation 
*** Crop harvested 166d after planting 

Yield 

The trial was harvested on 23 October, 166 days after sowing. There were large (>38%) and 
significant differences between the control and fungicide treated plants. (Table 8). 

DISCUSSION. The electronic weather monitoring and forecasting system accurately defined 
the establishment and early development stages of the disease in the 1995 season. 
Consequently, disease control was similar to that in the standard schedule. Fungicide use was 
reduced by 50% in the forecast treatments. 

From the results in Table 8 which show the disease severity at the final rating (6 October) it is 
apparent the dimethomorph component of Acrobat is much more active than the metalaxyl 
component of Ridomil. All treatments containing metalaxyl were similar to the standard 
mancozeb treatment. This indicates that only the mancozeb component was slowing the 
disease due probably to high level phenylamide resistance in the fungal population. 

1996 FIELD EXPERIMENT 

The object of this. trial was to re-evaluate the electronic forecasting system in comparison 
with the standard schedule. 

METHODS. The trial was sown 22 May to cv. Snowball and comprised 8 treatments 
replicated 4 times in a randomised complete block design. 
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Treatments 

There were 7 fungicide treatments and an untreated control: 

1. Dithane M 45 (2kg/ha) - std. 

2. Dithane M45 (2kg/ha) - std + Ridomil MZ @ 2.5kg/ha at forecast. 
3. Dithane M45 (2kg/ha) - std + Acrobat MZ @ 2kg/ha at forecast. 
4. Dithane M45 (2kg/ha) - std + Acrobat MZ @ 2.67kg/ha at forecast. 
5. Ridomil MZ (2.5kg/ha) - forecast only 
6. Acrobat MZ (2.0kg/ha) - forecast only 
7. Acrobat MZ (2.67kg/ha) - forecast only 
8. Untreated 

Table 9. 1996 Fungicide Spray Schedule 

Number Date Calender Forecast 

1 July 5 S X 

2 July 19 ^ y 

3 August 2 ^ y 

4 August 12 V •/ 

5 August 21 S s 
6 August29 V X 

7 September 6 V V 

8 September 17 V y 

9 September 27 </ X 

10 October 3 V 
' 

Spray Warning Decisions 

The same recording and forecasting equipment was used as described for the 1995 
experiment except temperature and humidity sensors were placed within the crop canopy 
instead of above the crop. The analysis of weather data indicating sporulation infection 
periods is shown in Table 10. 

Epidemiological and Disease Severity Assessments 

Weekly ratings of disease severity and % sporulating plants commenced 26 August and 
continued for 9 weeks. 

Yield Assessment 

Harvesting was carried out 25 October, 156 days after sowing. 
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RESULTS. The disease was first seen 85 days after sowing. There were no significant 
differences in disease severity between treatments for the first six assessments. For the final 
two assessments, the control treatment had significantly higher disease than all fungicide 
treatments. There was essentially no difference between fungicide treatments for the duration 
of the trial except at the final rating when the Ridomil at forecast treatment (42.2%) was 
significantly more affected than the 'Acrobat 2kg/ha at forecast' (24.1%) treatment. The 
results in Fig. 10 show mean values for all fungicide treatments with the untreated control. 

- Fungicides 

• Control 

90 100 110 120 130 140 

Time (Days After planting) 

150 

Figure 10. Disease severity for 1996 season 

Sporulation was delayed by 1 week in fungicide treated plots (Fig. 10). Over all plots, peak 
sporulation occurred 2Id after disease establishment, followed by fluctuations over the 
following two weeks declining to nil at the 7 week 

All fungicides treatments resulted in significantly higher yields than the untreated. (Table 
11). From detailed analyses of variance using orthogonal contrasts, dimethomorph treatments 
were significantly better than metalaxyl treatments and there was no added benefit from the 
higher rate of dimethomorph. Mancozeb as a standard spray significantly increased yield 
(Table 11). 
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Table 10. Forecast Parameters For 1996 Season 



Table 11. 1996 Treatment Means for Yield 

Treatment Mean Yield (kg/plot) Mean Yield (t/ha) Marketable 
Yield t/ha 

1 29.473 ab 49.1 41.4 

2 28.303 be 47.1 40.8 

3 32.994 a 55.0 48.1 

4 30.884 a& 51.5 43.4 

5 29.198 b 48.7 40.8 

6 32.262 a 53.8 46.6 

7 31.084 ab 51.8 45.1 

8 20.969 J 34.9 25.5 

l.s.d. (P<0.05) 3.814 

Examination of the marketable component of total yield (Table 12) shows most of the yield 
increases due to fungicides is made up by increased numbers of No. 1 large onions. 

Table 12. Marketable Yield Categories 

Treatment N o . l L No.l Picklers Doubles % 
Marketable 

1 14.1 70.2 10.6 5.1 84.3 

2 18.5 67.8 9.1 4.5 86.4 

3 21.3 66.1 8.8 3.8 87.4 

4 13.8 70.5 9.5 6.2 84.3 

5 13.8 70.1 12.4 3.8 83.8 

6 17.4 69.2 10.5 2.9 86.6 

7 16.5 70.6 9.0 3.9 87.1 

8 2.5 70.4 8.3 3.8 72.9 

Mean (1-7) (16.5) (69.2) (10.0) (4.3) (85.7) 

DISCUSSION. Fluctuations in disease severity and sporulation were related to weather 
conditions. The decline in disease activity from day 21 - day 28 of the outbreak 
corresponded to an unfavourable dry weather period. 

Although applying fungicides according to Downcast saved 3 sprays, there was no loss of 
disease control or yield. 
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2.1 DISCUSSION — FIELD TRIALS 

In the four field trials, we compared criteria for applying fungicides (standard, spore trapping, 
Downcast) and different fungicides (mancozeb, metalaxyl, dimethomorph). 

Although the standard program of spray application was reliable in most experiments, 
Downcast gave equivalent control with fewer applications. Spore trapping as a guide to 
fungicide application gave poor results, due to delays in processing data and, most 
importantly, failure of the spore trap to capture spores in the first and possibly second cycles 
of the disease. The 1993 and 1994 experiments showed that wet conditions can interfere with 
all spray programs by preventing field access of spray machinery. The heavy clay soils of the 
Lockyer Valley become impassable for 2 days after approximately 50mm of rain. Fungicide 
applications scheduled for wet weather conditions can be crucial and interruptions to program 
timing usually results in poor disease control. For this reason, forecasting should be 
considered as a method of timing systemic fungicides only. Regular protectant sprays should 
be maintained to give some protection during wet seasons. 

The two systemic fungicides, metalaxyl and dimethomorph were compared in all 
experiments. There was clear evidence that the metalaxyl component of Ridomil MZ was 
having little effect on disease progress. This is due to phenylamide resistant strains of P. 
destructor which have been present in the district since 1988. (O'Brien 1992). Acrobat, 
containing dimethomorph was the better fungicide since it was effective against all strains. It 
will be essential to limit the use of Acrobat to minimise resistance problems. Forecasting is a 
way of doing this and also obtaining most benefit from each application. 

The evidence from the field trials showed that the danger period from downy mildew was 
August - September. Yield losses of up to 50% and downgrading of the quality of the crop 
makes control of the disease essential for economic viability. 
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3. DISTRICT WEATHER CONDITIONS — VARIABILITY OF 
IMPORTANT WEATHER PARAMETERS IN THE 
LOCKYER VALLEY 

The horticultural region described as the Lockyer Valley is based on the flood plains of the 
Lockyer Creek and its tributaries. There are various localities, e.g. Tent Hill, Lowood, Lake 
Clarendon, Gatton, Laidley, Blenheim, which may have different environmental conditions 
through their position in valleys or open plain or proximity to large water storages etc. 

One of the problems in initiating a district-wide disease forecasting system which bases its 
forecasts on recorded weather parameters, is that these parameters may not be the same 
throughout the district. Obviously, if the variation in parameters such as relative humidity is 
sufficient to affect the decision to issue a disease forecast, then district wide forecasts cannot 
be made from a single monitoring site. 

In order to determine the variability in weather conditions in the Lockyer Valley, we placed 
data loggers in onion crops at Tent Hill and Lowood in 1995 and 1996 and compared the 
weather parameters with those from the central monitoring site at Gatton Research Station. 
Tent Hill is a district extending along a relatively narrow valley. It is situated in the western 
side of the Lockyer Valley. Lowood is towards the eastern extremity of the Lockyer Valley. 
It is close to the large Wivenhoe Dam. Customised LaTrobe (LaTrobe University, 
Melbourne) data loggers were placed at crop height within onion crops at each of these sites. 
Temperature, R.H.and rainfall sensors were used. 

Most data collected from the three sites (Gatton, Lowood, Tent Hill) was processed using the 
DOWNCAST forecasting algorithum. The summary of a portion of the weather data is 
shown in Table 13. Of the 14 dates examined, on eight days there were measurable 
differences in at least one weather parameter between sites, while on six of these days the 
variation was sufficient to result in a different forecast outcome between sites. These data 
from the three localities showed there were sufficient variations in the respective local 
weather conditions to warrant placement of separate weather stations to service each locality. 
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Table 13. Weather Parameters for Different Localities 

Locality Gatton Lowood TenthiU 

Parameter DT NT Rain RH DT NT Rain RH DT NT [ Rain RH 

Date 

18/7/95 + + + X + + + X + + + X 

19/7/95 + + + X + + + X + + + x 

20/7/95 + + + X + X + X + + + X 

21/7/95 + X + X + X + X + X + X 

22/7/95 + X + X + X + X + X + X 

23/7/95 + X + X + X + X + X + X 

24/7/95 + + + X + + + X + + + X 

25/7/95 + + + X + X + X + + + X 

6/10/96 + + + + + + + + X + X 

7/10/96 + + + + + + + + + X + X 

8/10/96 + + + + X + + + X X + X 

9/10/96 + + + + + + + + X X + X 

10/10/96 + + + + X + + + X + + + 

11/10/96 + + + + + + + + + X + X 

Key: DT = Mean Day Temperature, NT = Mean Night Temperature, Rain = Rain/Irrigation, 
RH = Relative Humidity, +/x = Positive/negative outcome respectively, for the 
particular forecast parameter, 

29 



4. GLASSHOUSE AND CONTROLLED ENVIRONMENT 
EXPERIMENTS 

Introduction 

Experiments with potted plants under controlled conditions allow for comparisons to be made 
between fungicides, spray adjuvants, susceptibility of plants at different ages and strains of 
the fungus. 

Although fungicides such as Aliette (Fosetyl-Al) and phosphorous acid had been shown to 
have little effect on onion downy mildew in field trials (O'Brien, 1991), many onion growers 
continued to have faith in its use. In addition, fungicides such as these with activity based on 
the phosphonate radical have been used with success against other downy mildew diseases eg. 
Plasmopara viticola on grapes, Bremia lactucae (lettuce) and Peronospora parasitica 
(Brassicas). To ensure the results reported from previous onion field trials were correct, 
phosphorous acid was examined as drenches and sprays at various rates and on young and old 
plants. 

The use of adjuvants has become increasingly important in the formulation, application and 
commercial success of well established as well as newly-developed pesticides. This has 
primarily been in response to the current trend towards reduced pesticide use (Rogiers, 1995). 

The influence of adjuvants on fungicide activity has been less extensively studied than with 
herbicides or insecticides. This has been partly due to the fact that the first generation of 
fungicides had only contact activity. This protectant activity was achieved by the formulation 
of a uniform layer on the treated leaf surface through high volume application, sufficient 
wetting and repeated application. With the introduction of systemic fungicides which can 
penetrate the plant and be transported in the transpiration stream, this situation changed 
completely (Steurbant, 1994: 130). It is now common knowledge that the efficacy of 
systemic fungicides can be enhanced by adjuvants (Steurbant, 1993). 

More effective assimilation of systemic fungicides into onion plants could lead to a more 
effective post infectional activity required for the spray warning system. We therefore tested 
3 classes of spray adjuvants (surfactants, emulsifiable oils and polymer forming compounds) 
to determine whether they increased the kick back activity of the systemic fungicides 
metalaxyl and dimethomorph. 

As described by O'Brien (1992), overuse of metalaxyl during the period 1980-1988 had 
contributed to the development of phenylamide resistant strains of P. destructor. We 
conducted experiments to further examine the problem of fungicide resistance and ensure that 
the new fungicide, dimethomorph, would be effective against all strains, including those with 
phenylamide resistance. 

Although over 20 glasshouse and CEC experiments were conducted from 1995-97, only half 
will be presented here to illustrate the main findings. 
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General procedures 

Propagation. Plants were all raised from seed (cv. Straight Leaf, Henderson Seeds) sown 
into seedling trays or directly into pots of varying sizes (diameters of 5 cm to 10 cm) 
containing a potting mix of 50:50 peat/vermiculite No. 1 for seedlings. The standard 
University of California (UC) mix of 50:50 peat/river sand was used for transplants. The day 
neutral variety allowed experiments to be conducted throughout the year, except October to 
February when conditions were too hot. 

Overhead sprinkler irrigation was used in the glasshouse to ensure that moisture stress did not 
occur. 

Figure 11. Onion seedlings grown in pots in evaporatively-cooled glasshouse 

Inoculum. Three isolates from different geographic regions were used. They differed in 
their sensitivities to phenylamide fungicides. 

Isolate 2967 (phenylamide-sensitive): obtained from unsprayed shallots in a home garden at 
Bundaberg, 400km north of Brisbane. 

Isolate 3014 (phenylamide-resistant): obtained from a commercial onion crop in the Lockyer 
Valley. 

Isolate 3026 (phenylamide-resistant): obtained from a commercial spring onion crop at 
Rochedale, in the Brisbane metropolitan area. 
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Inoculum for experiments was produced on vigorously growing plants, which, after an 
incubation period of 10-12 days, were induced to sporulate by enclosing them in plastic bags 
overnight. Leaves with dense areas of sporulation were gently placed in a flask containing 
distilled water (plus 1 drop of Tween 80 per 200mL) and gently shaken to prepare a conidial 
suspension. The concentration of spores was adjusted to approximately 1 x 104/ml using a 
haemocytometer. Inoculum was sprayed over test plants by a gas powered sprayer (Preval) to 
point of run off. Inoculation was usually done in the late afternoon and inoculated plants held 
in a moist chamber overnight at <20°C, removed and replaced in the glasshouse or CEC. The 
conidial suspension was also lightly sprayed into Petri dishes containing water agar, incubated 
at ambient temperature overnight and the germination percentage determined. 

Age of Plants. Where plant age is mentioned in the Methods section of the respective 
experiments, it refers to the time between sowing and inoculation. Measurement of height 
and leaf number are those recorded at the time of disease assessments some two weeks after 
inoculation. 

Fungicide Application. Fungicide treatments were applied (pre- or post-inoculation) to the 
point of run off. The fungicides used in these experiments are recorded in Table 14. 

Table 14. Fungicides used in the glasshouse experiments 

Common Name Chemical Composition Formulation/Manufacturer 

Acrobat® MZ 90g/kg dimethomorph + 600g/kg 
mancozeb 

Acrobat® MZ 690/Cyanamide 

Dimethomorph 500g dimethomorph CME15103 (50% WP)/ Cyanamide 

Fosetyl-Al 800g/kg fosetyl-Al Aliette®WG/Rhone Poulenc 

Mancozeb 800g/kg mancozeb Dithane®M-45/Rohm & Hass 

Metalaxyl 250g/kg metalaxyl Ridomil® 250WP/Novartis 

Phosphorous acid 200ml/L phosphorus acid Foli-R-Fos 200/U.I.M. 

Synertrol 832g/L emulsifiable vegetable oil Synertrol® Oil/Organic Crop 
Protectants Pty Ltd 

SZX0722 Unknown Bayer 

With the foliar-applied fungicides, plants were held at an angle to ensure that the fungicide 
solution did not drain into the potting mix. This was to avoid the likelihood of systemic 
action of some of these fungicides through root uptake. The treated plants were air dried 
before being transferred to benches in the glasshouse or to a controlled environment chamber 
(CEC) depending on the requirements of each experiment. Where a CEC was used this is 
noted in the methodology for that particular experiment. After the required incubation period 
was met, plants were placed in moistened plastic bags or in a large humidity chamber. The 
next morning plants were assessed for disease development. 

Disease Assessment. Plants were rated for sporulation (presence/absence of sporulation on 
plants or leaves, abbreviated as %SPPL and %SPLV, respectively) and disease severity (% 
leaf area infected, abbreviated as %LAI). 
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Statistical Analyses. Analyses of variance and Fisher's LSD (least significant difference) 
test were used to analyse the data for the appropriate planned pairwise comparisons of 
treatment means. 

4.1 FUNGICIDE DRENCH EXPERIMENTS 

In the first three experiments we examined the possibility of using drench treatments to 
control onion downy mildew. 

Experiment 1. Evaluation of phosphorous acid, dimethomorph and metalaxyl 
fungicides as drench treatments applied pre-infection for 
control of onion downy mildew 

The purpose of this experiment was to evaluate three systemic fungicides, with known 
curative activity against Oomycete fungi, as drench treatments applied 24h prior to 
inoculation with a phenylamide-sensitive isolate (2967) and phenylamide-resistant isolate 
(3026) of P. destructor, in young onion plants. 

METHOD. Young plants (3 weeks old), were raised in 5cm square pots, with 10 seedlings 
in each pot. The experiment was set out as a Randomised Complete Block Design (RCBD) 
with factorial structure, comprised of 7 treatments, 2 isolates and 4 replicates. Each plot was 
a 5cm square pot. 

One day prior to inoculation, the treatments were applied to the pots as shown in Table 15: 

Table 15. Fungicide drench treatments — experiment 1 

Treatments Concentration (ai) Abbreviation 

1. Foli-R-Fos (20% phosphorus acid) 200 ppm FRF 200 

2. Foli-R-Fos (20% phosphorous acid) 1000 ppm FRF 1000 

3. Dimethomorph 10 ppm D10 

4. Dimethomorph 100 ppm D100 

5. Metalaxyl 10 ppm M10 

6. Metalaxyl 100 ppm M100 

7. Control (no drench) 

Ten ml of fungicide solution was applied to each pot as a drench. One day later each pot was 
inoculated with a conidial suspension of Peronospora destructor, of either isolate 2967 (1.2 x 
104/ml; 80% germination) or 3026 (1.2 x 104/ml; 90% germination). Twelve days later, 
plants were rated for disease severity and sporulation. 

RESULTS. As a drench, phosphorus acid at 200 or lOOOppm was ineffective in reducing 
disease severity in both isolates, with no disease control observed even at the higher rate 
(Table 16). Metalaxyl at both rates gave complete disease control in plants inoculated with 
isolate 2967 but was ineffective in controlling isolate 3026. 

There is a similar trend between treatments for % sporulation as there was for disease 
severity. 
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Table 16. Influence of fungicides applied as a 24h pre-infection drench on disease 
severity and disease incidence on two isolates of P. destructor 

Treatment Disease Severity (%LAI)A % Sporulating plants Treatment 
Isolate 2967 Isolate 3026 Isolate 2967 Isolate 3026 

1. FRF 200 
2. FRF 1000 
3. D10 
4. DlOO 
5. M10 
6. MlOO 
7. Untreated 

72.4f* 
62.6ef 
14.3ab 
0.0a 
0.0a 
0.0a 

56.4def 

50.9de 
73.8f 
27.6bc 
0.0a 

49.6de 
41.6cd 
52.5def 

85.0de 
67.5d 
20.0ab 
0.0a 
0.0a 
0.0a 

62.5de 

62.5de 
87.5e 
35.0bc 
0.0a 

62.5de 
50.0cd 
60.0cd 

l.s.d. (P= 0.01) 20.5 25.1 

* Figures followed by the same letter are not significantly different (P<0.01) using Fisher's 
LSD test. 

A % LAI = % Leaf area infected. 
FRF 200 = 200ppm Foliar-R-Fos, FRF 1000 = lOOOppm Foliar-R-Fos, 
D 10 = lOppm dimethomorph, D 100 = lOOppm dimethomorph, 
M 10 = lOppm metalaxyl, M 100 = lOOppm metalaxyl.. 

DISCUSSION. In this experiment phosphorous acid at the rates of 200 and lOOOppm was 
ineffective as soil drench treatments. From this it was concluded that either phosphorous acid 
was not effectively distributed through the onion plant to prevent infection, or it has poor 
activity against the pathogen. 

Dimethomorph at lOOppm was highly effective, completely preventing the establishment of 
both isolates. 

This indicates dimethomorph is mobile within the plant and effective against phenylamide 
sensitive and phenylamide resistant strains of P. destructor. 

The results with metalaxyl show that while it is the most potent fungicide against sensitive 
strains it is completely ineffective against resistant strains. 

Experiment 2. Evaluation of dimethomorph as a post-infection (72h) drench 
treatment for control of onion downy mildew. 

Experiment 1 showed dimethomorph was effective when applied 1 day before inoculation. In 
this experiment we examined the effect of a drench treatment applied 3 days after inoculation. 

METHODS. Young onion plants (6 weeks old) of cv Straight Leaf, with a mean of 2 to 3 
true leaves and height of 32cm were inoculated with P. destructor isolate 2967 (1 x 10 ml; 
80% germination). Each pot (7.5cm square) contained 10 plants from which the five largest 
plants were used as data plants for disease assessment. Seventy two hours (72h) later, pots 
were drenched with a dimethomorph suspension (lOOppm a.i.) at the rate of 50ml/pot. The 
fungicide treatment and untreated control each contained six pots arranged in a RCBD. 
Plants were rated for disease severity 13 days after inoculation. 
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RESULTS. The drench treatment was highly effective (P<0.001) in reducing both disease 
severity and % sporulation. This is clearly demonstrated in Table 17. 

Table 17. Influence of dimethomorph as a 72h post-infection drench on disease severity 
and sporulation of onion downy mildew 

Treatment Disease Severity % Sporulating plants 
1. Dimethomorph (lOOppm) 
2. Untreated 
LSD (P<0.001) 

6.4a* 
51.5b 
30.2 

5.2a 
92.5b 
40.1 

* v Figures followed by the same letter are not significantly different (P<0.001) using Fisher's 
LSD test. 

DISCUSSION. Although dimethomorph applied 3 days after inoculation gave a high level 
of disease control it was not as successful as the pre-infectional treatment in Expt. 1 when it 
gave complete control. This suggests it is most effective if available in the early stages of 
infection ie. before, or shortly after, inoculation. 

Experiments. Evaluation of dimethomorph and metalaxyl at six rates of 
application (0, 1, 2.5, 10, 25, 100ppm) as a 7 h pre-infection 
drench treatment for control of onion downy mildew. 

In experiments 1 and 2 strong systemic activity was demonstrated for dimethomorph as a 24h 
pre-infection and 72h post-infection soil drench treatment, respectively. Metalaxyl also 
showed strong systemic activity as a 24h pre-infection soil drench treatment. 

The main purpose of this experiment was to determine the EC50 (concentration of a.i. which 
reduces the pathogen population by 50%) of fungicides on isolate 2967 (metalaxyl-sensitive), 
as a 7h pre-inoculation soil drench treatment. 

METHODS. Seedlings (6 weeks old) were grown 3 per 10cm pot until leaves had a mean 
length of 30cm. Saucers were placed under pots, and arranged in a Completely Randomised 
Design (CRD) with factorial structure, comprised of 2 fungicide treatments, 6 rates of 
application and 4 replicates. 

Fungicide drench treatments (Table 18) were applied to each pot at the rate of 50ml per pot. 
On the same day (approximately 7h later) the plants were inoculated with isolate 2967 (1 x 
104/ml; 80% germination to the point of run-off. 

The plants were incubated overnight and again 13 days later and rated the following morning 
for disease severity and % of plants and leaves showing sporulation. 
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RESULTS AND DISCUSSION. 

Table 18. Influence of dimethomorph and metalaxyl as a 7h pre-inoculation drench on 
disease severity and incidence of onion downy mildew 

Treatment Rate 
(ppm) 

Disease Severity 
(%LAI) 

% Sporulation Treatment Rate 
(ppm) 

Disease Severity 
(%LAI) plants | leaves 

Metalaxyl 0 32b* 83c 47cd 

Metalaxyl 1 17ab 25a llab 

Metalaxyl 2.5 7a 0a 0a 

Metalaxyl 10 5a 0a 0a 

Metalaxyl 25 5a 0a 0a 

Metalaxyl 100 6a 0a 0a 

Dimethomorph 0 47c 84c 67de 

Dimethomorph 1 48c 100c 64de 

Dimethomorph 2.5 34bc 75bc 47cd 

Dimethomorph 10 49c 100c 75e 

Dimethomorph 25 27b 58b 33bc 

Dimethomorph 100 12a 25a 14ab 

l.s.d.(P<0.05) 14 29 23 

* Figures followed by the same letter are not significantly different (P<0.001) using Fisher's 
LSD test. 

A %LAI = Leaf area infected, 
Metalaxyl = Ridomil® 250WP, dimethomorph = CME15103, 50% WP 

The metalaxyl treatments 1 and 2.5ppm provided excellent disease control. There was no 
significant benefit from the higher rates of application. The only dimethomorph treatment 
that gave equivalent disease supression was the highest rate (lOOppm) of application. 

The EC50 values of Disease Severity for metalaxyl and dimethomorph, calculated using 
Probit analysis, are approximately 1 and 43ppm respectively. This indicates that metalaxyl is 
much more fungitoxic than dimethomorph. 

The drench application of dimethomorph lOOppm gave lower than expected disease control 
when the results of previous experiments are considered. Perhaps the chemical is not as 
highly mobile in plants as metalaxyl and requires at least 24h before inoculation for it to be 
distributed through the leaves in adequate concentrations .In this experiment, plants were 
larger and the time taken for distribution through the symplast may have been longer. 

CONCLUSIONS FROM DRENCH EXPERIMENTS 

1. Dimethomorph and metalaxyl can be taken in through onion roots and redistributed to 
leaves. 
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2. Metalaxyl is the most effective fungicide but is completely ineffective against resistant 
strains. 

3. Phosphorous acid is either not accumulated by roots or is ineffective against P. destructor. 

4. Movement of dimethomorph through onion plants may be slower than metalaxyl. 

4.2 FUNGICIDE SPRAY EXPERIMENTS 

In field experiments reported by O'Brien (1992), dimethomorph gave good control of downy 
mildew. In these experiments Synertrol oil was used as an adjuvant. It was selected 
randomly from the wide range of surfactants, oils and polymers available as adjuvants. 

In a preparatory glasshouse experiment, we observed a lowering in the efficacy of 
dimethomorph when Synertrol was replaced by a popular non ionic spray adjuvant, Agral. 
This suggested that adjuvants may be more important in the efficacy of dimethomorph than 
merely ensuring adequate coverage of leaf surfaces. Onion leaves are particularly hard to wet 
due to epicuticular crystalline wax layers (which give the "bloom" to leaves) which could 
interfere with uptake of systemic fungicides. 

The wax coating and cuticle of onion leaves increases in thickness with age (Scott et al, 
1958). The ability of the plant to redeposit wax is not a continuous process but is dependent 
on the age of physiological maturity of the leaf (Holloway, 1970). According to Skoss 
(1955), cuticle deposition is a definitive process and its cessation coincides with the 
proximate cessation of leaf blade expansion. 

Outdoor grown onion plants have substantially less surface wax than indoor grown plants. 
This difference is due to natural weathering processes. Rubbing to remove surface wax 
greatly increased the susceptibility of leaves to P. destructor giving a substantial increase in 
both the percentage of leaves diseased and sporulation intensity (Smith et al., 1985).. When 
surface wax was removed from both indoor and outdoor plants, there was no difference in 
susceptibility to disease. 

We conducted many glasshouse and CEC experiments to explore the interaction between 
adjuvant - fungicide - disease severity which we believed was influenced greatly by the wax 
layer and its barrier effect on both fungicide uptake and disease susceptibility. For the sake of 
brevity only 7 are described below to illustrate the main findings and their consistency. If we 
could show a positive link between adjuvant and systemic activity, we believed it would be of 
the utmost importance to a spray warning system. 

Experiment 4. Comparison of six different spray adjuvants on the post
infection activity of Acrobat® MZ on onion downy mildew 
control in mature plants 

In this experiment a selection of non-ionic wetters, organic extracts and a mineral oil were 
assessed as additives to Acrobat® MZ for the post-infectional control of onion downy mildew 
on mature plants. 

METHODS. Mature onion plants (12 weeks of age) with a mean of five true leaves, and a 
mean height of the tallest leaf of approximately 65 cm, were used in this experiment. They 
were grown singly in 10 cm diameter pots. Thirty-two pots were inoculated with a conidial 
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suspension of metalaxyl sensitive isolate 2967 (1 x 103/ml; 80% germination; 5 ml/plant) and 
incubated overnight in moistened plastic bags. Two days after inoculation, foliar fungicide 
treatments were applied. These treatments (Table 19) were Acrobat® MZ (2 g/L) mixed with 
a range of spray adjuvants. The pots were arranged in a RCBD of eight treatments replicated 
four times. The adjuvants used were as follows: 

• Top Wet® (Agr Evo) -100% organic wetting agent. 
• Tween 80® (Atlas Chemical Industries) - Polyoxyethylene (20) Sorbitan mono-oleate. 
• Synertrol® Oil (Organic Crop Protectants Pty Ltd)- 832 g/L emulsifiable vegetable oil.. 
• Codacide® (Spray Tech Australasia) - vegetable oil based adjuvant. 
• Nu Film® (Amcor Trading) - 904 g/L Di-1 -Methene. 
• DC-Tron® (Ampol) - 839 g/L petroleum oil. 

Plants remained in the glasshouse for 13 days after inoculation, were incubated overnight, and 
assessed for disease development the following morning. The ratings were conducted on the 
four most mature leaves. 

RESULTS. Acrobat® MZ on its own was no different (P<0.05) to the unsprayed control for 
both disease parameters (Table 19). The Tween 80® treatment was also ineffective while Top 
Wet® and Nu Film® gave intermediate levels of control. The oil-based adjuvants, Synertrol® 
Oil, Codacide® and DC-Tron® greatly enhanced the efficacy of Acrobat® MZ and were 
superior to the other adjuvant treatments. 

Table 19. The influence of spray adjuvants on the efficacy of Acrobat MZ (2 g/L) 
applied as a 48 h post-infection spray for onion downy mildew control in mature plants 

TreatmentA Disease Severity 

(% LAI) 

Disease Incidence 

(% SPLV) 

1. Acrobat® MZ 42.8 cd 79 b 

2. Acrobat® MZ + TopWet® (0.2 ml/L) 30.3 be 73 b 

3. Acrobat® MZ +Tween 80® (0.2 ml/L) 49.7 cd 75 b 

4. Acrobat® MZ + Synertrol® Oil (3 ml/L) 11.6 ab 0 a 

5. Acrobat® MZ + Codacide® (3 ml/L) 6.3 a 13 a 

6. Acrobat® MZ + Nu Film® (0.3 ml/L) 26.1 ab 63 b 

7. Acrobat® MZ + DC-Tron® (20 ml/L) 6.9 a 19 a 

8. Unsprayed Control 60.9 d 88 b 

l.s.d. (P<0.05) 21.7* 31 

(P<0.01) 29.5 42* 

* Figures followed by the same letter are not significantly different (P<0.05 or 0.01) using 
Fisher's LSD test. 

A =Acrobat® MZ applied at rate of 2 g/L i.e. 180 ppm. 
%LAI = % Leaf area infected, %SPPL = % Plants showing sporulation. 
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DISCUSSION. Acrobat® MZ alone, or Acrobat® MZ mixed with either TopWet®, Tween 
80 or Nu Film®, were ineffective as fungicide treatments because of the unacceptably high 
levels of disease severity and sporulation. This suggests that the addition of these 3 adjuvants 
does not enhance the absorption of Acrobat® MZ by the plant foliage. The addition of 
vegetable oils (Synertrol® Oil and Codacide®) and mineral oil (DC-Tron®) greatly reduced 
disease development. On the basis of these results, any one of the oil adjuvants would be 
beneficial in a disease management programme for onion downy mildew. 

Experiment 5. Comparison of six different spray adjuvants on the pre- and 
post- infection activity of Acrobat® MZ on onion downy mildew 
control in young plants 

In the previous experiment (Experiment 4) with mature plants, the spray adjuvants Codacide, 
Synertrol and DC-Tron were very effective in improving the post-infectional activity of 
Acrobat® MZ. 

In this experiment younger plants ( 6 weeks old) with noticeably less wax on the foliage were 
used. 

METHODS A metalaxyl-sensitive P. destructor isolate (2967; 4 x 104/ml; 80% 
germination) was sprayed onto pots of young plants (6 weeks old) containing approximately 
12 seedlings/pot. There was a mean of three true leaves with the mean height of the tallest 
leaf approximately 35 cm. Pots were arranged in a RCBD comprised of eight treatments with 
five replicates. Treatments are listed in Table 20. The pre-inoculation spray treatment was 
applied in the morning, allowed to air-dry, and plants inoculated in the afternoon 
(approximately 7 h later). They were incubated overnight in moistened plastic bags. Two 
days later the post-infection fungicide treatments were applied. 

Plants were assessed for disease development after being incubated overnight in moistened 
plastic bags; two plant per pot were selected and the two most mature leaves were rated for 
disease severity. 

RESULTS. All the pre-infection fungicide treatments significantly (P<0.001) reduced 
disease severity and completely suppressed sporulation; there were no significant differences 
between any of these treatments (Table 20). The only fungicide treatments which maintained 
the same level of inhibitory effect on disease progress when applied post-infection were 
combinations of Acrobat® MZ with Synertrol® Oil, Codacide® and DC-Tron®. All the other 
treatments produced significantly higher disease severity and sporulation levels. 
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Table 20. The influence of spray adjuvants on the efficacy of Acrobat MZ (2 g/L) 
applied as pre- (7 h) and post-infection (2 d) treatments to control onion downy 

mildew in young plants 

Treatment 

Disease Severity 
(%LAI) 

Disease Incidence 
(%SPPL) Treatment 

Pre-
infection 

Post
infection 

Pre-
infection 

Post
infection 

1. AcroMZA 

2. AcroMZ + TopWet® 
3. AcroMZ + Tween 80® 
4. AcroMZ + Synertrol® Oil 
5. AcroMZ + Codacide 
6. AcroMZ + NuFilm 
7. AcroMZ + DC-Tron 
8. Unsprayed Control 

7 a* 
4a 
2a 
5a 
3a 
2a 
7a 

35 d 

28 c 
31 cd 
30 cd 
17 abc 
11 ab 
24 be 
10 ab 
44 d 

0 a* 
0 a 
0 a 
0 a 
0 a 
0 a 
0 a 

67 de 

32 be 
44 cd 
37 be 
16 ab 
15 ab 
63 d 

8 a 
87 e 

l.s.d. (P<0.01) 
(P<0.001) 

16 
(20) 

23 
(30) 

* Treatment means followed by the same letter are not significantly different (P<0.01) 
using Fisher's LSD test. 
%LAI = % Leaf area infected, %SPPL = % Plants showing sporulation. 
A AcroMZ = Acrobat® MZ 

DISCUSSION. All the pre-infection fungicide treatments significantly reduced disease 
severity, with complete suppression of sporulation. Since mancozeb is a potent inhibitor of 
the germination process through its interference with fungal respiration, much of the efficacy 
of the pre-inoculation treatments may be due to mancozeb rather than dimethomorph. 

In the post-infection treatments however, only the Acrobat® MZ plus Synertrol® Oil, 
Codacide® and DC-Tron® treatments produced acceptable levels of disease suppression 
which is consistent with findings from Experiment 10, on mature plants. These results show 
that when Acrobat® MZ is combined with either an organic or mineral oil based adjuvant, 
there is a significant improvement in the eradicant activity of this fungicide. Under field 
conditions this would greatly enhance the suitability of Acrobat® MZ as a strategically 
applied fungicide since it could be applied effectively within 48 h of an observed infection 
event. Acrobat® MZ on its own, again produced poor post-infectional control, as reported in 
our earlier research. Our findings thus support those of (Albert et al., 1988) that in the 
absence of a suitable adjuvant, dimethomorph has poor trans-laminar activity and may be 
effective only as a protectant. 

Experiment 6. Enhancement of the post-infection efficacy of Acrobat® MZ in 
the presence of different adjuvants at three rates of 
application, in the control of onion downy mildew 

In earlier trials it was demonstrated that there were significant improvements in the eradicant 
activity of Acrobat® MZ by the addition of spray adjuvants, Synertrol® Oil and Codacide® at 
3 ml/L and DC-Tron® at 20 ml/L. 
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In this experiment, a range of concentrations was tested to determine their effects on 
fungicidal performance. 

METHODS. Young onion plants (6 weeks old) with a mean of 3 true leaves and a mean 
length of the longest leaf of 35 cm, were used in this experiment. There were 10 per 7.5 cm 
square pot. Seventy pots of seedlings were arranged in a RCBD comprised of 14 treatments 
(Table 21) replicated five times. 

The plants were inoculated with a metalaxyl-sensitive P. destructor isolate (2967; lxlO5 ml; 
80% germination) on 10 September, 1996. Forty eight hours (48 h) later the spray treatments 
were applied. Sixteen days after inoculation, after overnight incubation in moistened plastic 
bags, plants were rated for disease. The two most mature plants were selected for disease 
severity ratings while all the plants were assessed to derive the % plants showing sporulation. 

RESULTS. All adjuvants significantly enhanced the efficacy of Acrobat® MZ by reducing 
disease severity (P<0.01) and suppressing sporulation (P<0.001) (Table 21). There are no 
differences between any of the fungicide / adjuvant combinations. There was no 
improvement in the efficacy of fungicides with the higher rates of applications of adjuvants. 

Acrobat® MZ on its own was again ineffective being no different from the untreated control. 

The addition of adjuvants alone actually enhanced the sporulation levels, (P<0.05) in all these 
treatments. There is also a positive correlation between the two disease parameters. 

Table 21. The effect of three concentrations of different spray adjuvants on the post
infection activity (48 h) of Acrobat® MZ (2 g/L) on onion downy mildew 

Treatment Disease Severity Disease Incidence 

(%LAI) (%SPPL) 

1. Acrobat® MZ + DC-Tron (20 ml/L) 4 a* 0 a 

2. Acrobat® MZ + DC-Tron (10 ml/L) 3a 0a 

3. Acrobat® MZ + DC-Tron (5 ml/L) 3a 5a 

4. Acrobat® MZ + Synertrol (10 ml/L) 4a 0 a 

5. Acrobat® MZ + Synertrol (5 ml/L) 6a 0 a 

6. Acrobat® MZ + Synertrol® Oil (2.5 ml/L) l a 0 a 

7. Acrobat® MZ + Codacide® (10 ml/L) 3a 0 a 

8. Acrobat® MZ + Codacide® (5 ml/L 4a 2a 

9. Acrobat® MZ + Codacide® (2.5 ml/L) 5a 8 a 

10. DC-Tron® (20 ml/L) 39 b 89 b 

11. Synertrol® (10 ml/L) 54 b 68 b 

12. Codacide® (10 ml/L) 41b 74 b 

13. Acrobat® MZ 43 b 50 b 

14 Untreated Control 34 b 47 b 
l.s.d. (P<0.01) = 22 (P< 0.001) = 36 

* Treatment means followed by the same letter are not significantly different (P<0.01) or 
(P<0.001) using Fisher's least significant difference test. 
%LAI = % Leaf area infected, %SPPL = % Plants showing sporulation 
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DISCUSSION. There was very good disease control shown by all the fungicide + adjuvant 
combinations. The failure of Acrobat® MZ to demonstrate post-infectional activity confirmed 
previous findings that it is essential that it be applied with an oil-based adjuvant, if it is to be 
effective. 

These results clearly show the benefit of adding either a mineral oil (DC-Tron®)or vegetable 
oil (Synertrol® Oil or Codacide®) as spray adjuvants to enhance the performance of the 
fungicide. In addition to dramatically reducing disease severity, the strong anti-sporulant 
effect demonstrated in this experiment is crucial to slowing the rate of increase of onion 
downy mildew epidemics. 

The other side of the coin is that adjuvants applied alone can make the plant more susceptible 
to infection. The same processes which allow improved uptake of dimethomorph also allows 
easier penetration by germ tubes. This is in agreement with findings reported by Marois et. at 
(1987) on Botrytis cinerea in grapes. We suspect it is due to disruption of the epicuticular 
wax layer. 

Experiment?. Enhancement of post-infection efficacy of Acrobat® MZ in 
controlling downy mildew on young onion plants by the 
addition of DC- Tron®. 

In previous experiments the addition of oil-based adjuvants such as Synertrol® Oil, 
Codacide® and DC-Tron® gave significant improvement of the anti-sporulant activity of 
Acrobat® MZ when sprays were applied 48 h post-infection. 

This experiment was designed to determine whether fungicide sprays applied at later stages of 
infection would maintain this activity. 

METHODS. Six week old seedlings (mean of 2-3 true leaves and a mean height of the 
longest leaves of 32 cm) with approximately 10 plants per 10 cm pot were used. Plants were 
inoculated with a metalaxyl-sensitive isolate of P destructor (isolate 2967; lxl05/ml; 80% 
germination). Fungicide treatments, Acrobat® MZ (2 g/L) ± DC-Tron® (20 rruTL) were 
applied 48, 120 and 168 h after inoculation. Pots were arranged in a RCBD with 9 replicates. 
Disease assessments were made 14 days after inoculation on 25 September. The two most 
mature plants were selected from each pot with disease ratings recorded, on the two oldest 
leaves. 

RESULTS. Acrobat® MZ applied alone resulted in high levels of disease severity and 
sporulation when applied 48 h post-infection. The addition of DC-Tron® however, greatly 
reduced disease severity and completely suppressed sporulation. 

Application of both spray treatments at 120 and 168 h post-infection did not reduce disease 
severity but did suppress sporulation. 
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Table 22. The effect of addition of DC-Tron® on the post-infection (48,120 and 168 h) 
efficacy of Acrobat® MZ (2 g/L) in controlling downy mildew on young plants 

Fungicide Treatment 
Disease Severity 

(%LAI) 

Disease Incidence 

(%SPPL) 

1. Acrobat® MZ (48 h) 

2. Acrobat® MZ (120 h) 

3. Acrobat® MZ (168 h) 

4. Acrobat® MZ +DC-Tron® (48 h) 

5. Acrobat® MZ + DC-Tron® (120 h) 

6. Acrobat® MZ +DC-Tron® (168 h) 

35 b* 

42 be 

52 c 

9a 

44 be 

51c 

78 

28 

0 

0 

0 

0 

l.s.d. (P<0.05) 14 

* Treatment means followed by the same letter are not significantly different (P<0.05) using 
Fisher's least significant difference test. 
%LAI = % Leaf area infected, %SPPL = % Plants showing sporulation. 

DISCUSSION. Acrobat® MZ applied on its own, again resulted in unacceptably high levels 
of disease expression. The addition of DC-Tron® significantly improved the efficacy of 
Acrobat® MZ providing a high level of disease control on young infections, particularly as a 
48 h post-infection spray. Later applications while not reducing lesion size completely 
inhibited sporulation which is an important epidemiological consideration. This suppression 
of sporulation would effectively reduce inoculum potential from these lesions and thus 
prevent secondary infection cycles. 

Experiment 8 Efficacy of post-infection Acrobat® MZ sprays at varying rates 
of adjuvant, (Synertrol® Oil), in a mixture of phenylamide-
resistant isolates of P. destructor in mature onions. 

The recommended label rate for application of Synertrol® Oil is 2-3 ml/L for high volume 
applications. In Experiment 6 it was demonstrated that there was no added benefit from using 
higher rates of application (10 ml/L). The purpose of this experiment was to determine if 
lower rates could be used without loss of post-infectional control of onion downy mildew by 
Acrobat® MZ. 

METHODS. Mature onion plants (12-13 weeks) with a prominent waxy bloom on their 
foliage were trimmed to 3-4 per plant with a mean height of the longest leaves of 70 cm). 
There were three plants per 15 cm pot. Plants were inoculated with a mixture of 
phenylamide-resistant P. destructor isolates, (3014 and 3026; 2 x 104 /ml; >90% germination) 
on 11 June 1997. Forty eight hours (48 h) later, the fungicide treatments of Acrobat® MZ + 
Synetrol® Oil, at rates of 0, 0.25, 0.5, 1 and 2 ml/L respectively, were applied {Table 5.20). 
Pots were arranged in a CRD consisting of six treatments replicated four times. 

Disease assessments were made 12 days after inoculation, after being incubated overnight in a 
moistened chamber. Disease severity was based on % leaf area affected on the four oldest 
leaves of each plant, with values being rounded to the nearest 5%. 
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RESULTS. There were no significant differences in disease severity between the lowest rate 
of Synertrol® Oil (0.25 ml/L), the unsprayed control and Acrobat® MZ on its own. The 
higher rates of Synertrol® Oil (0.5, 1 and 2 ml/L) although no different from each other had a 
significantly lower (P< 0.05) disease severity than the other three treatments (Table 23). 

There were no differences between treatments for % of plants showing sporulation (%SPPL), 
with very high levels being recorded for all treatments. 

High levels for disease incidence (% sporulating leaves ie. % SPLV) were recorded for all 
treatments but the treatments with the two highest rates of Synertrol® Oil were significantly 
lower than the control, Acrobat® MZ or Acrobat® MZ + 0.25 ml/L Synertrol® Oil treatments. 

Table 23. The effect of post-infection (48 h) sprays of Acrobat® MZ (2 g/L) at varying 
rates of Synertrol® Oil in onion downy mildew control in mature plants 

Treatment Disease 
Severity 

Disease Incidence 

%LAI %SPPL %SPLV 

1. Unsprayed Control 

2. Acrobat® MZ 

3. Acrobat® MZ + Synertrol® Oil (0.25 ml/L) 

4. Acrobat® MZ + Synertrol® Oil (0.5 ml/L) 

5. Acrobat® MZ + Synertrol® Oil (1 ml/L) 

6. Acrobat® MZ + Synertrol® Oil (2 ml/L) 

76 b* 

61b 

62 b 

29 a 

30 a 

25 a 

100 a 

92 a 

92 a 

73 a 

83 a 

75 a 

91c 

79 be 

79 be 

50 ab 

43 a 

37 a 

l.s.d. (P<0.05) 21 28 30 

Treatment means followed by the same letter are not significantly different (P<0.05) using 
Fisher's least significant difference test. 
%LAI = % Leaf area infected, %SPPL = % Plants showing sporulation, 
%SPLV = % Leaves showing sporulation. 

DISCUSSION. The unsprayed control, Acrobat® MZ on its own and Acrobat® MZ + 0.25 
ml/L Synertrol® Oil produced unacceptably high disease ratings for all the parameters 
measured. The lack of significance between treatments with the three highest rates of 
adjuvant (0.5, 1 and 2 ml/L) indicates that 0.5 ml/L is just as effective as the recommended 
rate of 2 ml/L and is the concentration required to affect the composition of the epicuticular 
wax layer. 
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Experiments. Fungicide formulation and its effect on the post-infectionai 
efficacy of dimethomorph in phenylamide-resistant isolates of 
P. destructor on mature onions. 

The purpose of this experiment was to determine whether different formulations of 
dimethomoph (on its own, as a proprietory mixture or, mixed with mancozeb) affect its 
fungitoxic ability in the presence and absence of Synertrol® Oil. 

METHOD. Mature onion plants were inoculated with a mixture of two phenylamide-
resistant isolates of P. destructor, 3014 and 3026 (2.4 x 104/ml; > 90% germination). Pots 
were arranged in a CRD comprised of eight fungicide treatments, with or without Synertrol® 
Oil (2 ml/L) and replicated three times (Table 24). 

The plants were inoculated on 11 June 1997, fungicide treatments were applied 48 h later and 
the plants rated for disease severity 12 days later. 

RESULTS. All the disease parameters (%LAI, %SPPL, %SPLV) measured gave similar 
trends (Table 24). There were no significant differences between the formulation types; the 
highly significant differences (P<0.001) which were recorded were due to the presence, or 
absence of Synertrol® Oil. All the Synertrol®Oil treatments showed superior disease control 
to those without. The fungicide treatments on their own were no different to the control 
treatments. 

Table 24. The effect of formulation on the post-infection (48 h) activity of 
dimethomorph in a mixture of phenylamide-resistant isolates of P. destructor, in mature 

onions 

TreatmentA %LAI %SPPL %SPLV 

1. Dimethomorph + Synertrol®Oil 7 a* 13 a 4 a 

2. Dimethomorph 66 b 100 b 89 b 

3. Acrobat® MZ + Synertrol®Oil 8a 22 a 17 a 

4. Acrobat® MZ 61b 100 b 66 b 

5. Mancozeb + Synertrol®Oil 13 a 11a 4 a 

6. Mancozeb 60 b 100 b 76 

7. Synertrol® Oil 68 a 100 b 87 b 

8 Control 63 b 100 b 70 b 

l.s.d. (P<0.001) 31 54 43 

* Treatment means followed by the same letter are not significantly different (P<0.05) using 
Fisher's least significant difference test. 

A Dimethomorph (0.36 g/L) of 50% a.i. (90 g/kg dimethomorph + 600 g/kg mancozeb) as 
Acrobat® MZ (2 g/L), mancozeb 800 g/kg as Dithane® M45 (1.5 g/L) + dimethomorph (0.36 
g/L), Synertrol as Synertrol® Oil (2 ml/L). 
%LAI = % Leaf area infected, %SPPL = % Plants showing sporulation, 
%SPLV = % Leaves showing sporulation. 

45 



DISCUSSION. Formulation type had no effect on the efficacy of the fungicides in 
suppressing downy mildew in mature onions. 

As a 48 h post-infection spray the fungicides on their own (in the absence of Synertrol® Oil) 
were ineffective. This suggests that the fungicides were unable to penetrate the well-
developed waxy cuticle that was prominent on the mature plants. Synertrol® Oil obviously 
enhanced the uptake of the respective fungicides, resulting in high levels of disease control. 

An unexpected result was the apparent post-infectional activity of mancozeb when combined 
with Synertrol® Oil. It is difficult, however, to reconcile the belief that protectant fungicides 
such as mancozeb, which are strong inhibitors of respiration and can be phytotoxic, could 
exert a curative effect without harm to the plant. Further evidence is required. 

Experiment 10. Timeliness of post-infection Acrobat®MZ sprays to control 
downy mildew on mature onions. 

Earlier trials have shown that Acrobat® MZ has an effective eradicant activity or "kickback" 
period of at least 48 h. 

In this trial, treatments were applied up to 192 h (eight days) post-infection to a phenylamide-
sensitive isolate of P. destructor, with and without Synertrol® Oil, to determine if the 
effective kickback period was greater than 48 h. 

METHODS. A phenylamide sensitive isolate of P. destructor, 2967 (1.3xl04/ml; > 80% 
germination) was used to inoculate mature plants (2 per 15cm pot) which were arranged in a 
CRD. There were 10 treatments replicated 4 times. Plants were incubated overnight and 
fungicide treatments (Table 25) were applied 24, 48, 96 and 192 h ( 1, 2, 4 and 8 days) post-
inoculation. Plants were rated for disease when symptoms became apparent. 

RESULTS. Acrobat® MZ on its own was ineffective at reducing lesion development even 
when applied 24 h after inoculation. The addition of Synertrol® Oil greatly reduced lesion 
development if applied within 48 h of inoculation and has a suppressive effect even when 
applied 192 h (8 days) later. In this experiment, the addition of Synertrol® dramatically 
reduced sporulation. 
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Table 25. Enhanced post-infection efficacy of Acrobat MZ by addition of Synertrol' 
Oil (2 ml/L), in controlling downy mildew in mature onions 

Post-

inoculation 
Disease Severity Disease Incidence Disease Incidence 

Spray Times %LAI % SPPL 
% SPLV 

AcroMZ* + Synertrol AcroMZ + Synertrol AcroMZ + Synertrol 

1. 1 day 50 b* 8a 0 a 0 a 0a 0 a 

2. 2 days 35 ab 10 a 0 a 0 a 0 a Oa 

3. 4 days 48 b 18 ab 33 ab 0 a 0 a Oa 

4. 6 days 35 ab 11 ab 33 ab 0 a 14 ab Oa 

5. 8 days 51b 26 ab 50 b 0 a 22 b Oa 

l.s.d. (P<0.05) 37 52 22 

* Treatment means followed by the same letter are not significantly different (P<0.05) using 

Fisher's least significant difference test. 

AcroMZ* = Acrobat® MZ (2 g/L) 

+ Synertrol = Synertrol® Oil (2 ml/L) 

%LAI = % Leaf area infected, %SPPL = % Plants showing sporulation, 

%SPLV = % Leaves showing sporulation. 

DISCUSSION. The results of this experiment showed there was a significant benefit in 
disease control through the addition of Synertrol® Oil in applications of Acrobat made within 
48 hours of inoculation. Beyond 48 hours, reductions in disease severity, although consistent 
were non-significant. The affect of oil on reducing subsequent sporulation was also non
significant statistically, even though sporulation did not occur on plants sprayed with the 
fungicide plus oil combination.. A lower threshold concentration of dimethomorph in the leaf 
is probably required for prevention of sporulation compared to lesion development. Although 
Acrobat® MZ alone did not prevent lesion development, there was a sufficient concentration 
in the leaf to prevent sporulation if applied within 48 h of inoculation. The addition of 
Synertol® Oil seems to allow higher concentrations of dimethomorph to enter the leaf. These 
are sufficient to slow lesion development and to prevent subsequent sporulation when applied 
at any stage of disease development in the leaf. This has very important implications in field 
control of the disease since it suggests that an epiphytotic could be interrupted by interference 
with the sporulation process as well as the disease establishment phase. 

Experiment 11. Scanning Electron Microscope (SEM) study of the effect of 
spray adjuvants on the epicuticular wax layer of onion 
leaves 

The cuticle is a non living lipoidal membrane which covers all aerial plant parts and forms the 
interface between the plant and environment. Its main function is protection and 
waterproofing although it is permeable to chemicals and gases, including water vapour. 
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The structure of the cuticle has a considerable influence on its wettability and, thus, on the 
deposition and coverage of water-based sprays. Waxy and hairy surfaces are generally the 
most difficult-to-wet targets because they are water repellent. To be effective,systemic 
fungicide molecules must first be retained on the plant surface then pass through the cuticle 
and into the underlying tissue. Transport through the cuticle is a continuous, diffusion 
controlled process. 

The purpose of spray adjuvants is to enhance the deposition/retention of fungicide spray 
droplets on leaf surfaces and assist in the passage of fungicide molecules through the cuticle. 
For fungicides sprayed on onion leaves, a major barrier to both deposition and penetration is 
the hydrophobic epicuticular wax layer. This is a complex mixture of various classes of 
aliphatic compounds which gives a bloom to mature onion leaves. 

In the glasshouse experiments, we found that different types of adjuvants affect the uptake of 
dimethomorph into mature onion leaves. In particular, oils, both organic and mineral, 
assisted fungicide absorption. This study was undertaken to try to view any modifying effects 
of adjuvants on the physical structure of epicuticular waxes of mature onion leaves. 

METHODS. Mature leaf sections (10 week old plants) with a prominent waxy bloom were 
immersed in water/adjuvant suspensions for a duration of 2s. The treatments were water 
(control) Synertrol Oil (3mL/L), DC Tron (3mL/L), Agral (O.lmL/L), Top Wet (0.2mL/L) and 
Agridex (lmL/L). Small sections were mounted then viewed under a JOEL 6300 field 
emission SEM and the images of each specimen were photographed. 

RESULTS. As can be seen from the scanning election micrographs (Figures 11-16) there are 
significant alterations in the fine structure of the epicuticular waxes on the onion leaves when 
solutions of the various adjuvants were applied. 
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The micrograph of the control treatment (Figure 11) shows the characteristic crystalline plate 
like epicuticular wax structure of onion leaves which is typical of difficult-to-wet leaf 
surfaces. Note the sunken stomata which is a characteristic of Allium spp. 

Figure 11. Control treatment (+ Water) showing crystalline epicuticular wax. 

Figure 12 shows the Synertrol Oil treatment which smoothed the plate like encrustations 
making them somewhat sausage-like in appearance. 

Figure 12. Treatment effect of Synertrol Oil on epicuticular wax structure 
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Figure 13 shows the DC Tron treatment which caused the most significant modification of the 
epicuticular waxy layer. The coarse crystalline wax structure has been converted to a smooth 
amorphous layer. 

Figure 13. Treatment effect ofDC-Tron on epicuticular wax structure 

Figure 14 shows the Agral treatment which appears relatively unchanged from the control. 

Figure 14. Treatment effect of Agral on epicuticular wax structure 
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Figure 15 shows the Top Wet treatment which is similar to that of the DC Tron treatment 
except that there are evenly distributed minute wax projections giving it a 'micro rough' 
surface. 

Figure 15. Treatment effect of Top Wet on epicuticular wax structure 

Figure 16 shows the fine crystalline wax projections resulting from the Agridex treatment. 
The projections are smaller than those in the control treatment, but have remained rough in 
appearance. 

• • • - • : • • - . : ~ ' 

Figure 16. Treatment effect of Agridex on epicuticular wax structure 
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DISCUSSION. The scanning electron micrographs clearly show that some of the adjuvant 
solutions caused significant modification of the epicuticular wax layer while others had 
relatively little effect. Adjuvants such as DC Tron and Synertrol, which were most effective 
in modifying the wax layer were also those we found to be most effective in improving the 
systemic performance of Acrobat. Conversely, Agral and Top Wet, which left the wax layer 
in a 'rough' condition were less effective for use with Acrobat in the glasshouse experiments 
reported previously. This double correlation clearly points to the importance of the 
epicuticular wax layer on onion leaves as a barrier to dimethomorph uptake. 

The hydrophobic nature of epicuticular waxes is their most important physico-chemical 
property. However, if the wettability barrier can be overcome, then epicuticular wax may 
also be an important factor in facilitating the passage of lipophilic chemicals into the cuticle 
by a process of solution (Holloway, 1970; 1993). Furthermore, lipophilic adjuvants have a 
humectant effect, allowing the pesticide solution a longer drying time and thus a greater 
chance of being absorbed by the leaf. 

It seems that the observed superior uptake of dimethomorph by onion leaves in the presence 
of oil-based adjuvants (DC Tron, Synertrol Oil) can be explained by their action to partially 
solubulize the waxes which leads to improved wettability and faster passage through the 
aliphatic waxes. 

4.3 DISCUSSION - GLASSHOUSE EXPERIMENTS 

In this series of experiment, we examined several aspects of onion downy mildew control 
which are important when considering a disease forecasting system. We determined which 
fungicides are most appropriate for use in a forecasting system i.e. which are capable of 
providing eradication of 48 h infections, whether they affect sporulation, if application can be 
by either drench or foliar spray; and the influence of non-ionic and lipoidal surfactants on 
foliar uptake of fungicides. 

The experiments with fungicidal drenches included the fungicides dimethomorph, metalaxyl 
and phosphonate which are known to be highly effective against Oomycote fungi (Schwinn 
and Staub, 1995). The failure of phosphonate at high concentrations supported previous 
findings of O'Brien (1992) that both drenches and sprays of phosphonate were ineffective in 
field sprays. Rod (1986) also found that foliar application of fosetyl Al were ineffective 
against P. destructor. The fungicide has been used successfully against downy mildews of 
lettuce (Wicks et al, 1993), grapevine (Magarey et al, 1990) and cauliflower (McKay et al, 
1992) but on the basis of its poor performance in experiments 1, 2 and 3 we concluded 
phosphonate fungicides are ineffective against P. destructor and did not include them in 
further tests. 

Dimethomorph showed excellent systemic activity through root uptake which is in agreement 
with Albert et al, (1988). It consistently showed good protectant, curative and anti-sporulant 
activity on both metalaxyl sensitive and resistant isolates. Its effect in reducing sporulation 
when applied at virtually any stage of the infection process makes it an excellent candidate for 
a spray warning program. 

Metalaxyl also showed good systemic activity as both pre-and post-infection drench 
treatments on metalaxyl sensitive isolates. It provided anti-sporulant and disease suppression 
activity at lower rates than did dimethomorph. It was, however, completely ineffective 
against strains with metalaxyl resistance. In view of the fact that such strains have been 
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known in the Lockyer Valley for 15 years and must be widely distributed, it would be 
unrealistic to expect adequate field performance from this fungicide. 

The wax coating and the cuticle of onion leaves increases in thickness with age (Scott et al 
1958; Verry, Walker and Drennan, 1981). This results in leaves that are less wettable with 
aqueous solutions because of the increased contact angle (Backman, 1978). By removing 
wax, the leaf surface becomes more wettable, making applied fungicides more effective 
(Yarwood, 1943). Berry, 1959 demonstrated by microscope studies that wiping onion leaves 
with a dry cotton pad removed the wax and destroyed the crystalline structure of the 
epicuticular layer. The wiped plants subsequently showed greater disease susceptibility. 

In our experiments with foliar fungicide application, oil based adjuvants such as Synertrol oil 
and DC Tron had a similar effect in disrupting the crystalline structure of the epicuticular 
waxes. This was observed in SEM photographs taken of onion leaves treated with a range of 
adjuvants, and a water control In some experiments where these oil based adjuvants were 
used without fungicides, disease severity was increased. Their most significant effect 
however was to improve the ingress of dimethomorph into the onion leaf and thereby assist 
its post- infectional activity. The discovery of the interaction between oil based adjuvants, 
dimethomorph and epicuticular wax made the difference between dimethomorph being a 
fungicide with no curative action (and, therefore, of no use in DOWNCAST) and one with a 
48 h curative action and, therefore, suitable for use. 
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5. GENERAL DISCUSSION 

Downy mildew diseases can be devastating in many crops — grapes, hops, tobacco, 
ornamentals, lettuce, sunflower, cucurbits as well as onions. They have the ability to rapidly 
multiply during periods favourable for their reproduction and re-infection. It is their 
dependence on certain weather conditions which makes it possible to predict when these 
sporulation - infection periods occur and therefore mobilise additional crop protection 
measures. 

For onion downy mildew, the set of favourable environmental conditions was formulated by 
Jesperson and Sutton (1987) and theoretically confirmed in the Lockyer Valley by FitzGerald 
and O'Brien (1994). In the work presented in this study, we confirmed that it could be a 
successful formula for Lockyer Valley farmers to follow. 

A successful prediction service must have:-

• A set of criteria which is reliable. In field trials the modified DOWNCAST 
model proved to be a reliable indicator of conditions favouring disease development. When 
used as the basis for timing fungicide sprays, it proved as good as, if not better than, the 
industry standard of routine sprays of protectants followed by systemics when cool, moist, 
dewy days occurred. 

• A knowledge of weather variability through the district. Observations at three 
district sites indicated that the variability was too great for district disease forecasting to be 
made from one weather station. In a typical year, downy mildew tends to establish earlier in 
Lowood/Lockrose localities (mid-late June) because of their proximity to the Wivenhoe and 
Lake Clarendon dams which often result in heavy dews/fogs persisting until late morning. 
Gatton and Tent Hill are similar (intermediate - early - mid July) while the disease generally 
establishes later (late July - mid August) at Laidley. 

• Suitable fungicides. Dimethomorph (Acrobat MZ) is the only available systemic 
fungicide which can be reliably used in a forecasting program. Our experiments showed it 
provided at 48 h "kick back" action if used with an oil-based adjuvant. It also acts as an anti-
sporulant which is of great benefit in breaking disease cycles. Other fungicides were 
unsuitable — metalaxyl due to fungicide resistance problems and phosphonate due to 
inactivity against P. destructor. 

• Benefits. The major benefit of a DOWNCAST-based forecasting system is to 
pinpoint the most effective timing of systemic fungicides. Although in some field trials 
programs where sprays were applied only "at forecast", were very effective, we think this may 
put unnecessary pressure on dimethomorph. A combination of regular protectant sprays with 
dimethomorph applied "at forecast" is seen as a way of obtaining maximum disease control 
with reduced likelihood of dimethomorph resistant strains developing. It also provides some 
protection against a devastating outbreak should spray application "at forecast" be impossible 
due to wet conditions. 
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RECOMMENDATIONS 

That a disease forecasting service be established in the Lockyer Valley, based on the 
DOWNCAST parameters. At least three data collection sites (Lowood, Gatton, Tent 
Hill) will be necessary to deal with differences in weather conditions throughout the 
Valley. 

The dramatic effect which oil-based adjuvants had on fungicide performance indicate 
further studies with other diseases may be similarly rewarding. 
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