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ABSTRACT

Soil treatment with diallyl disulphide (DADS) for the control of
Alliumwhiterot (SclerotiumcepivorumBerk.) wasstudiedintwotrials
under commercia growing conditions. In the 1996-1998 trial two
applications of DADS gave a 79% increase in yield when compared
withtheuntreated control; theaddition of threetebuconazol eapplications
gave no extrayield. One application of DADS gave a33% increasein
yield. In the 1998-2000 trial various DADS application rates were
tested. All DADS treatments resulted in a large reduction in Allium
whiterot incidencecompared with theuntreated control . A pplication of
DADS gave a57% increasein yield relative to the untreated control.
Keywords: Sclerotiumcepivorum, Alliumwhiterot, diallyl disulphide,
germination.

INTRODUCTION

Allium white rot (Sclerotium cepivorum Berk.) is a serious fungal disease of
AlliumcropsinNew Zealand. Itiscapabl eof destroying upto 90% of plantsinseverely
infested fields and, in the Pukekohe and Blenheim districts, is causing many growers
to relocate farming activities to disease-free sites. Until recently, the only control
options available were extended rotations and use of fungicides. There has been a
declinein efficacy of most fungicides currently registered for use on onions (Tyson
et al. 1999) and alternative control methods are urgently needed.

The fungus infects the roots and bulb of Allium species, forming a conspicuous
white mycelial mass. Sclerotia (resting structures) formed on the rotting bulb can
survive in adormant state in the soil for long periods.

The sclerotia break dormancy and germinate as a specific response to exudates,
including sulphoxides, produced by Alliumsp. and to the breakdown products of these
compounds (Coley-Smith et al. 1987). The fungus has no free-living stage in the soil
and, while a percentage (approximately 0.5%) may first form secondary sclerotia
(Merriman et al. 1981), the majority die unlessahost isavailable. This characteristic
offersan opportunity to reduce sclerotial numbersby stimulating their germinationin
the absence of the host. Natural garlic and onion oils have been used for this purpose,
but resultshave been variable (Col ey-Smith and Parfitt 1986). Synthetically produced
diallyl disulphide (DADS), a natural constituent of garlic and onion oil, has been
shown to be able to stimulate germination of S. cepivorum sclerotiain the absence of
an Allium crop (King and Coley-Smith 1969).

This paper reports the results of the use of diallyl disulphide for the control of
S cepivorumin two field trials under commercial farming conditions.

METHODS
Trialswerecarried out over two periods(1996-98 and 1998-2000) onacommercial
property at Tuakau in the Pukekohe district. Both trial sites were known, from past
cropping experience, to be heavily and uniformly infested with Alliumwhiterot. The
DADS was applied in agueous solution (700 litres/ha) by means of a pump driven
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injection system on amodified tractor toolbar. The soil surface was compacted by a
roller mounted behind the toolbar to minimise loss of DADS vapour.
Trial 1: 1996-98

Thetrial wascarried out in afield which, in the1995-96 season, suffered extreme
lossesfrom white rot acrossthe whol e area (approximately 3 ha). It wasintended that
the field be taken out of onion production but was replanted by the grower (T.A.
Reynolds Ltd) specifically to evaluate the efficacy of DADS.

The treatments applied in the 1996-98 trial are shown in Table 1. Each DADS
treatment (treatments 1-3) consisted of ablock of 11 beds of onions, with atotal area
of 0.7 ha/treatment. An untreated control area (treatment 4) consisted of afurther 11
bedsof onions (0.7 ha). Treatment 1 received threefoliar applicationsof tebuconazole
(as Folicur 430SC) at 0.375 kg/ha (recommended label rate) during the growing
season. Treatments 2-4 did not receive fungicide. Due to the commercial conditions
under which the trial was carried out, the treated blocks were laid out consecutively
across the field and there was no replication. The second application of DADS was
made immediately after the area had been sown in a mustard cover crop. The cover
crop was cultivated during the autumn and onions planted on 10 June 1997. At
maturity each treatment was harvested, the onions graded in the normal commercial
manner and marketable yield and market value determined.

TABLE 1: Date of treatments and rates of application of DADS (litres/ha) in
Trial 1, 1996/98.

Treatment
Date of treatment 1 2 3 4 (control)
9 December 1996 10 10 10 Nil
2 May 1997 10 10 Nil Nil
Tebuconazole! Yes Nil Nil Nil

tebuconazole applied monthly from six weeks after planting.

Trial 2: 1998-2000

The treatments applied in the 1998-00 trial are shown in Table 2. Each DADS
treatment consisted a block of five beds of onions, with an area of approximately
0.1 ha(treatments 1-4). An untreated control area (treatment 5) consisted of afurther
11 beds of onions, with an area of approximately 0.2 ha. The treatment blocks were
adjacent to each other and, because of commercial considerationsby thegrower, there
was no replication. The onions were planted on 23 June 1999. After emergence two
observation plots (5 m of bed) were marked out in each of the threeinner beds of each
treated area. Initial plant populations were counted and the plots monitored for the
presence of Allium white rot throughout the season.

TABLE 2: Date of treatments and rates of application of DADS (litres/ha) in
Trial 2, 1998/00.

Treatment
Date of treatment 1 2 3 4 5 (control)
2 November 1998 5 5 10 10 Nil
23 April 1999 5 10 5 10 Nil

Atmaturity thetrial areawasharvested. AstherewasnodifferenceinAlliumwhite
rot incidence between the four DADS treatments, onions were lifted from eleven
adjacent beds in the treated area and eleven in the untreated area (0.2 ha each). The
onionswerecommercially graded and marketableyield and market valuefor each area
determined.
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The percentages of diseased plantsinindividual observation plotswere subjected
toarc-sinetransformation and analysed using analysisof variance (ANOV A) with the
statistical programme Genstat. Differences between treatments were determined
using Fisher's Least Significant Difference (LSD).

RESULTS AND DISCUSSION

Themustard cover crop intheareaof Tria 1 germinated normally within aweek
of the DA DS application and therewas no evidence of phytotoxicity. Theresultsfrom
Trial Laresummarisedin Table 3. Two applicationsof DADS (10 litres’ha+ 10litres/
ha) resulted in yield increases of over 70% compared with the untreated area. There
was no further increase in yield from the use of tebuconazole in addition to the two
applications of DADS. At 1998 market prices, two applications of DADS provided
increased returns of approximately $12,000/ha.

TABLE 3: Marketable yield (kg/ha), percentage increase in yield compared
with untreated controls (%) and estimated returns ($/ha) after
different DADS and fungicide treatments in Trial 1, 1996-98.

No. Treatment Marketable Increase Increase
yield in yield in return!
1 2 applications of DADS + 3 foliar 44,900 70.7 $10,844
sprays of tebuconazole
2 2 applications of DADS, no fungicide 47,200 79.5 $12,185
3 1 application of DADS, no fungicides 35,100 335 $5,131
4 Untreated (control) 26,300 - -

1Based on an estimated 1998 market value of $583/tonne.

The results from the observation plotsin Trial 2 are summarised in Table 4 and
illustrated as disease progress curves (back-transformed treatment means) in Fig. 1.
Treatment with DADS reduced disease incidence from 45%to 2.7-6.7%. The DADS
treatments were not significantly different from one another. Yields for the different
treatments are presented in Table 5. Two applications of DADS resulted
in ayield increase of 57% compared with the untreated area. At 2000 market
prices, two applications of DADS provided increased returns of approximately
$1,574/ha.

TABLE 4: Mean Allium white rot infection (%) and SEM, Trial 2, 1999-00.

Treatment Allium white rot SEM Allium white rot
infection? (%) (back-transformed %)
1 15.0 2.17 6.7 bt
2 9.4 151 2.7 b
3 11.6 1.40 4.0 b
4 12.2 1.68 4.5 b
5 42.2 4.23 45.2 a
Fishers LSD (P<0.05) 7.09

Treatments with different letters are significantly different P<0.05.
2Arc-sine transformed values.
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FIGURE 1: CumulativeAlliumwhiterotinfection (%) in observation plotsafter
different DADStreatmentsin Trial 2, 1998-00. Thevaluesar eback-
transformed means.

TABLE 5: Marketable yield (kg/ha), percentage increase in yield compared
with untreated controls (%) and estimated returns ($/ha) from the
combined DADS treatment blocks in Trial 2, 1998-00.

No. Treatment Marketable Increase Increase
yield in yield in returnt

1-4 DADS treatments (combined) 31,550 57 $1,574

5 Untreated (control) 20,100 - -

IBased on an estimated 2000 market value of $137.50/tonne.

All DADS treatments resulted in a large reduction in disease incidence (from
approximately 45%to 5%), with acorresponding increaseinyield. Statistical analysis
showed a highly significant treatment effect from the use of DADS with low
variability within each treated area. Unfortunately lack of replication prevented a
statistical measure of variability of disease acrossthetrial area. However, itisknown
from long experience of onion cropping in that site that the area is heavily and
uniformly infested by Alliumwhiterot (P.J. Reynolds, pers. comm.). Thus, inview of
the magnitude of the differences obtained, we are confident that theresultsareavalid
measure of treatment effects.

The results from both trials reported here demonstrate that under commercial
growing conditions DADS can provide a high level of control of the disease. DADS
offersan attractive control option asit resultsin areduction of sclerotium populations
and can be applied whileacover cropisin place. In additionto animmediateincrease
in return per hectare, the advantages of treatment could be expected to persist for
several cropping seasons.

DADSwasregistered for useon onionsin New Zealand in 1999, representing the
first registration of DADS for Allium white rot control worldwide. The chemical is
commonly used in the food industry as agarlic flavouring substance and the limited
scaleof manufactureat present resultsinarelatively high cost per litre. Despitethelow
market value of onionsin 2000, which led to in amuch lower financial benefit from
treatment in that year than in 1998, the additional return would still have covered the
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cost of the chemical applied in that year. As usage increases, particularly if the
compound isregisteredfor useononionsoversess, it isanticipated that the cost/benefit
ratio of the treatment will be improved.

REFERENCES

Coley-Smith, J.R. and Parfitt, D., 1986. Someeffectsof diallyl disulphideon sclerotia
of Sclerotium cepivorum: Possible novel control method for the white rot disease
of onions. Pestic. Sci. 37: 587-594

Coley-Smith, J.R., Parfitt, D. and Taylor, |.M., 1987. Studiesof dormancy in sclerotia
of Sclerotium cepivorum. Plant Path. 36: 594-599

King, J.E. and Coley-Smith, J.R., 1969. Production of volatile alkyl sulphides by
microbial degradation of synthetic alliin and aliin-like compounds, inrelation to
germination of sclerotiaof Sclerotium cepivorumBerk. Ann. Appl. Biol. 64: 303-
314

Merriman, P.R., Samson, |.M and Schippers, B., 1981. Stimulation of germination of
sclerotiaof Sclerotium cepivorumat different depthsin soil by artificial onion oil.
Neth. L. Plant. Path. 87: 45-53

Tyson, J.L., Fullerton, R.AA. and Stewart, A., 1999. Changes in the efficacy of
fungicidal control of onion whiterot. Proc. 52nd N.Z. Plant Prot. Conf.: 171-175

© 2000 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http:/Amww.nzpps.org/terms_of_use.html



