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Abstract Soil drenches and foliar sprays of potassium phospho nate protected glasshouse-grown Xanthorrhoea minor and X australis against root rot caused by Phytophthora cinnamomi. Three concentrations of potassium phosphonate (0.1, 1.0 and 5.0 mg/ml.), applied by both methods, reduced the severity of root rot symptoms and increased plant survival rates. Soil drenches were more effective than foliar sprays. The highest rate of foliar spray (5.0 rng/ml.) was phytotoxic to both species, causing burning of leaf tips.



Introduction Xanthorrhoea is an endemic Australian genus



(commonly known as grasstrees) which has 28 species that are widelydistributed overa varietyof habitatsfrom swampsand heathsto rocky plateaux (Bedford 1986). Phytophthora cinnamomi Randsis an aggressive root rot pathogen that causes diebackof a wide range of nativeplant species in open forests, woodlands and heathlands, including membersof the genusXanthorrhoea (Weste 1994). Fungicideapplicationisan importantweapon in the fight against infection by P cinnamomi (Komoreketal.1994; Shanahanetal.I996).DeBoer



and Greenhalgh (1990) evaluated the efficacy of potassium phosphonate against Phytophthora spp. in subterraneanclover (Trifolium subterraneum L.) and several ornamentalplants.Theyreported a significant reduction in the severityof root rot symptoms, and a significant increase in the weight of plantswhenphosphonate wasapplied eitherasfoliar sprays or soil drenches. Potassium phosphonate gavethe best controlwhen appliedas a foliarspray to the first unifoliate leaves of subterranean clover at a rate of300 g/ha. Soildrenches of0.5and 1.0mg/mLweremoreeffective than a foliarspray of 2.0 mg/mL in reducing rootrot of azaleas (Rhododendron ponticum. cv. Brides Bouquet). Soil drenches of0.5 mg/mLsignificantly reduced rootrot 40



in Thryptomene calycina (Lindl.) Stapf., whereas soildrenchesat 1.0and 2.0 mg/mL inhibitedplant growth. Soildrenches (0.25,0.5 and 1.0mg/mL)of potassium phosphonate protected Petunia seedlings from root rot caused by P. cryptogea Pethbridge andLafferty forat least5 weeks, whereas all plants treated with foliar spray (0.5, 1.0,2.0 and 4.0 mg/mL) died within this period. Trunk injection of phosphonate provides effective and durable control ofPhytophthora diseases ofmature trees like avocado (Persia americana Mill.) and cocoa (Theobroma cacao L.) (pegg et al. 1985; Guestetal.1994).



The present study reports the results of glasshouse experimentsdesigned to test the efficacyof potassiumphosphonate(Foli-R-Fos 200, 20% w/v potassiumphosphonate)against P. cinnamomi on two species of Xanthorrhoea.



Methods All experiments were conductedon potted plants grownin a glasshouse. Inoculatedpotting mix was preparedby adding 3-week-old cultures of P cinnamomi, grown on autoclaved wheat grains, to steam-airpasteurised river sand (5%v/v; Johnston and Brooth 1983). Plastic pots(7.5 emdiameter) were filled withthis mix, watered to fieldcapacity and left Australasian Plant Pathology Vol. 27 (l) 1998



for 1 week. Six-month-old plantsofX minor R.Br. (Kuranga Nursery, Ringwood, Victoria), which were disease-free, and 2-month-old plantsofX australis R. Br.which weregrownfrom seedcollected in the Brisbane Ranges, Victoria, weretransplanted into this pottingmix. Oneweekaftertransplanting, each pot was treated with 25 mL ofan aqueoussolution ofFoli-R-Fos 200at ratesof0.1, 1.0and 5.0 mg/ml, potassium phosphonate, either as a foliar sprayor as a soil drench. The surfaceof the soil in the pots used for the foliar sprays was coveredwith paper towellingto prevent anyrun-offfrom reachingthe soil. Untreated plants (control) were sprayed or drenchedwith distilledwater. Potswerewateredas required during the experiment to maintain field capacity. Each phosphonate treatment was replicated on plants transplanted into river sand amended with uninoculated, autoclaved wheat grains.Eachtreatmentwasreplicated fivetimes, and the experiment withX minor wasrepeated. Plants were monitoreddailyfor the appearance and severity of phytotoxicity or diseasesymptoms. Root symptoms wererecorded when all the control plants died (Johnston and Brooth 1983). Soil was washed from the roots and the extent of root rot assessedvisually on a 0--6 scale where 0 = no root rot (healthy), 1 = 0-5% rot, 2 = 6-25% rot, 3 = 2650%rot,4 = 51-75% rot, 5 = 76-90%rotand6 = 91100% rot. At the end of the experiments, P. cinnamomi was isolatedfrom washed rootsontoPCR selective medium (PCNB/chloramphenicol! hymexazole; ShewandBenson 1982). Thepresence of P. cinnamomi in each pot at the end of the trial was confirmed using the lupin bioassay with ten lupin seedlings to assay each pot (Chee and Newhook 1965). Resultsare presentedas the mean



percentageof lupin seedlingsinfected with P. cinnamomi in each pot (fivereplicates/treatment). Treatments wereapplied toX minor in twoseparateexperiments, the first commencingin October 1996 and the secondin February 1997. Becauseof the limitedavailability of seedlingsof X australis, only one trial, commencingin October 1996, was performed. An analysis of variance for treatment effects wasperformed on rootrot ratingsand on logtransformedpercentagedisease incidence data. In the tables presented, means followed by the same letterare notsignificantly different at P = 0.05(LSD comparison ofmeans,Statistixv3.1 software, Copyright 1989, Analytical Software). Results and Discussion



Inoculated, untreated plants died between 4 and 6 weeks aftertransplanting intoinfested potting mix in each experiment. Leaf desiccation appeared within 2 weeks of transplanting, associated with witheringand death offine roots, followed by root blackening and major root decay. The base of the main roots turnedblackand formation of new roots stopped. This susceptible reactionwas rated 6, and appeared on all untreated plants of both species grownin soilinfestedwith P. cinnamomi (Tables 1 and 2). Although field observations suggest that X minor is less susceptible to P. cinnamomi than X australis (Weste 1994),wesawnodifference in disease incidence or severity under the high disease pressureconditions usedin our glasshouse studies. Potassium phosphonate, whenappliedas a foliar sprayor as a soildrenchat the three concentrations tested, significantlyreduced the incidence of root



Table 1 Effect of potassium phosphonate on the incidence" of Phytophthora cinnamomi on Xanthorrhoea minor 6 weeks after transplanting into infested potting mix



Phosphonate(mg/ml.)



Diseaseincidence(per cent plants wilted) Foliarspray Soildrench Inoculated Uninoculated Inoculated Uninoculated Exp1 Exp2 Exp1 Exp2 Exp1 Exp2 Exp1 Exp2



0.0 0.1 1.0 5.0



loo.0a 74.7b 45.2d 54.1c



ioooa 58.8b 47.8c 41.9c



0 0 0 0



0 0 0 0



loo.0a 31.5b 24.6c 26.4c



ioooa 38.2b 30.7c 22.7d



0 0 0 0



0 0 0 0



AMeans within columnsfollowed by the sameletterare not significantly different at P = 0.05,as determined by LSD comparison of means of five replicates. Australasian Plant Pathology Vol. 27 (1) 1998
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rot symptoms caused by P. cinnamomi on both species of Xanthorrhoea (Tables I and 2). At each concentration, root drenches were more effective than foliar sprays. Root drenches of 1.0 or 5.0 mg/ml, gave similar levels of disease control, as indicated by the level of plant survival and root rot severity ratings (Tables 3 and 4).



Potassium phosphonate foliar sprays at the highest rate tested, 5.0 mglmL, caused browning of the tips of the leaves. Komorek et al. (1994) found that 10% potassium phosphonate was highly effective against P. cinnamomi in native plant communities in Western Australia for up to 2 years, when applied as aerial sprays at a rate of 60 Uha. They also reported



Table 2 Effect of potassium phosphonate on the Incidence" of Phytophthora cinnamomi on Xanthorrhoea australis 6 weeks after transplanting into infested potting mix Phosphonate (mglmL)



Disease incidence (per cent plants wilted) Foliar spray



0.0 0.1 1.0 5.0



Soil drench



Inoculated



Uninoculated



Inoculated



Uninoculated



lOO.Oa 50.0b 42.& 39.9c



o o o



lOO.Oa 33.4b 20.2c 23.lc



o o



o



o o



AMeanswithin columns followed by the same letter are not significantly different at P = 0.05, as determined by LSD comparison of means of five replicates.



Table 3 Effect of potassium phosphonate on root rot severity" in Xanthorrhoea minor 6 weeks after transplanting into potting mix infested with Phytophthora cinnamomi Phosphonate (mg/ml.)



Root rot severity rating Foliar spray



0.0 0.1 1.0 5.0



Soil drench



Inoculated



Uninoculated



Inoculated



Uninoculated



ExpI Exp2



Expl Exp2



Expl Exp2



Expl Exp2



6.0a 4.2b 4.0b 3.2c



6.0a 3.8b 3.4b 3.Oe



0 0 0 0



0 0 0 0



6.0a 2.8b 2.4b 2.4b



6.0a 3.0b 3.0b 2.2c



0 0 0 0



0 0 0 0



AMeans within columns followed by the same letter are not significantly different at P = 0.05, as determined by LSD comparison of means of five replicates.



Table 4 Effect of potassium phospbonate on root rot severity" in Xanthorrhoea australis 6 weeks after transplanting into potting mix infested witb Phytophthora cinnamomi Phosphonate (mglmL)



Root rot severity rating Soil drench



Foliar spray Inoculated



0.0 0.1 1.0 5.0



6.0a 3.4b JOe 3.Oe



Uninoculated



o o o o



Inoculated 6.0a 3.0b 2.2c 2.2c



Uninoculated



o



o o o



AMeanswithin columns followed by the same letter are not significantly different at P = 0.05, as determined by LSD comparison of means of five replicates. 42
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that native plant species vary in sensitivity to phosphonate, which is phytotoxic to some species, including Xan thorrhoea, when applied at concentrations of 1% or more. De Boer and Greenhalgh (1990) reported that potassium phosphonate was phytotoxic to azalea and Thryptomene plants when applied as foliar spray at a rate of 4.0 and 5.0 mg/mL, respectively. In another study, phosphonate was phytotoxic to carrot leaves when sprayed at a rate of 40 kg/ha (Walker 1991). Further research is needed to study the phytotoxic effects of phosphonate in plants, which may vary with plant species, age, soil type and plant phosphate levels. Without further information, these studies caution against using high rates of potassium phosphonate in foliar sprays. Phosphonate does not prevent root infection, nor does it eliminate P cinnamomi from the soil. After 6 weeks the pathogen was recovered from diseased roots and soil from all phosphonate treatments originally inoculated with P cinnamomi. It was also isolated from diseased Xanthorrhoea roots onto peR more frequently than it was detected with thelupin bioassayin potting mix (fables 5 and 6).



Phosphonate is an inexpensive fungicide with low mammalian toxicity. Its unique mode of action makes it useful in anti-resistance strategies. The results of these experiments show that soil drenches are more effective against P cinnamomi than foliar sprays in pot trials with two species of Xanthorrhoea. Of the application rates tested, soil drenches of 1.0 gIL potassium phosphonate gave the most effective control of root rot symptoms and increased plant survival rates, without causing phytotoxic symptoms. Further research is required to optimise the method, frequency and timing of potassium phosphonate application to maximise its effectiveness in reducing disease in native plants in the field, without causing phytotoxic leafbums.



Acknowledgements We thank Dr Gretna Weste for her constructive comments and discussions. This research was supported by the Australian Flowergrowers Federation.



Table 5 Percent samples- of soil and roots of Xanthorrhoea australis from which Phytophthora cinnamomi was isolated 6 weeks after transplanting and treatment with phosphonate Recovery of P. cinnamomi (%)



Phosphonate (mg/mL)



Root



Soil Foliar spray Exp 1 Exp2 0.0 0.1 1.0 5.0



96a 74bc 76b 66c



Soil drench



Foliar spray



Soil drench



Expl Exp2



Exp I Exp2



Expl Exp2



100



100 98a 86 90b nab 88 so 86b



96a 80b 66c



100 84 84



lOOa 78b 80b nbc 74b



so



98 92



92 88 92



so ~



AMeanswithin columns followed by the same letter are not significantly different at P = 0.05.



Table 6 Percent samples- of soil and roots of Xanthorrhoea australis from which Phytophthora cinnamomi was isolated 6 weeks after transplanting and treatment with phosphonate Recovery of P. cinnamomi (%)



Phosphonate (mglmL) Soil 0.0 0.1 1.0 5.0



Roots



Foliar spray



Soil drench



98a 80b 80b nb



98a nb 76b 76b



Foliar spray



Soil drench



100 92 ~



92



lOOa 80bc 92ab 80c



AMeans within columns followed by the same letter are not significantly different at P = 0.05. Australasian Plant Pathology Vol. 27 (I) ] 998
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